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1)4 )u roapoBlttfli, 

THr TMPOPAL WHAYVJR OP UPPER ST IUT DSP II ERIC MORE AT 
IWI LATITUDES: Ell HENCE PIWH HIHBU9 4 |U V DATA FOR 
JKCRT-TEMI RESMTISE3 TO SOLAR ULTRA VI ilLET QRUSTLCTY 
L. L. Ho'-ri (Lunar and Planetary Laboratory, Tha 
L'<ilv*r*lty of Arlioa*. Tucaon, Arlmni, B97 2I) 

Diana siting ratio* at praisura levels naar 2 nb 
dirlvad fm Vhtai 4 baet.ec ell a red ultraviolet (BUV) 
prarila data and averaged irfchlu thlrtaan latitude 
ro"M becnaan AS B and 61 S or* atudlad (or tha par lad 
nov. 1470 - April 1972, In nRraaaant with praulou* 
ana I jiao , the largaat tanporal uarlaclant *ra 
n*(tll,aly corralaiaJ idth change* In mnal ly averaged 
< an 1 7a Ian t tt-ipar jfira naaaurod aleultanaully utlh the 
9l?ha* A Selective Choppar Radioaatar. After 
appro* Inna I r laanvlnp thl* conponeuc using a 
flrM-nrdor photachculCil nodal, roaldual sluing ratio* 
foe latltudoa ' 2*1 contain abort-tara variation* 
{periods * IS day*| rat aoplltude '■ I R) that era 
positively c.irrelactd ulth varlatloita In the tolar 1,7.7 
ea flue end In the IRS - 190 nn anlar ultraviolet Flu* 
nodal .)( Lean at al. (19811. The carralatlon 
roof f l r I rntn I* • 0.2 - rt.S; n • (I.9J1 Kt » largor far 
•■’Eh latitude *ont utiun roarutid v*. tha ultraviolet 
Hut rode 1 than when computed v». the In.) e a flu*, 
•unfeeling ihm pheiocheolcal ra a pome a of upper 
■tratoapherlc atnn* to aoler ultraviolet variability at 
wavrlengthe near 2nd nn are or Inertly ruapomthle. At 
I ol I tude* ; 40 . larger-enplltudo ulntortlse mono 
I luct i.’l loo* aatnelBLed with planetary-acale pressure 
uive* heron* danlnent end reduce tho cooputed 
coxrelai Ion corfftcleniH to iioilitlcally in*lgnl(lennt 
loval*. Linear raflreaalon analyse* are [erforad In 
obi i In national for tl.r nverago oerceni rhango of 
oiosu at Ir.w latliiidr* and on the romldered Mar reals 
lor given ctiangr* In lu.7 u, flu* and | n th* uv flux 
aodel, (nc.inv, anlar •illravlaiet varldblllry) 


0910 Kagnat Ic and alactrlcal Mthode 

SIMULTANEOUS 1BVKRSI0N MODELING OP GRAVITY AND 
AEPOtUGNETIC BATA APPLIED TO A GEOTHERMAL STUDY IN UTAH 
Laura F. Sarpa iDapt . of Gaolagital Mciancoa, Cornell 
University , Ithaca, UY IABS3I Konnotb L. Co»b 

Aeroaagnatlc and gravity aurvaye wrn conducted In thr 
■ lick Rock Daaart , Utah to laacsa thr gcntliurnal 
pocantlal of tha Raadou-Hat I on Known Gaolhniiial Roaourcu 
Aria IRCRA). Tho preaanca of bsaalt flow* Irla than 1000 
yr old and a 400 000 yt old ihyollta dona luggratod that 
a hot Inc rua Ivo body, ehich should ba riuteclable In buch 
typaa of potential field date, nay provnlo thu liaat 
laurco for hat spring* in the alurfy araa. A liou 1 1 inre.ua 
Inversion cooputer prograc uai develnpud aa part of thll 
atudy to modal thasa potential Hold data. Tha resulting 
aadals Indicate hydrorheroil alleratloo about thn hot 
■prlnga extending to a depth of approx leata I y I kn, 
Moroal (aulta abova a lovangla doLachernt appear to 
raach ■ depth al approalmecaly 4 kn end provide a path 
ror chr circulation of grounduecar in the araa. He 
avldanra for a buried lgneoua body was found in tho study 
area, and lr la Therefore concluded that tha migration of 
flulda along the deep fault! is sufficient to account for 
the eater Lrmptraturaa aatioarad for the KCSA. 

GEOPHYSICS , VOL. 49, HO. 8 


and L-iVu wave*. A vnriatlun l" het«er» 
dialotla I hi 1 cedlated field. The (1|S .,.1 

node 1 duoa not oayn|llCit« In « ^ Br "' l< t ,e.lth' , ‘ 

radial dial an. n l» nmh greater than if* 
of thu lov-'ri In Ilia nndrl. 


llvu lov-'ri in Mie nnuri. j B rjll t»' 

Ra-llnl l.m patliiru m..duling for | 

reai.lve lliv die, repen. Ir» hotwuen [ “*° ,, , 

and field "e.iaurenent * ""d mar P r ® , ,,,,.1 

»pt Ini < In* the rad tel id f ! e !? "g.'.aiuvii* 1,1 
array In lerna »r 1 1 * , , nfi* 

pari It liming -.1 helweeu vuriuuS « ■ 

npiirnYH ICR , VUL. 49, HU. B 
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4 7b*> Hurt l.uVdl iriS 

STURM Mi»:n in iiif bcapfort and ckuychi >“ |ilin . 
Z. Kuvallh (I UK llutd nf Marine Setonci. 

Alaxkn, Fulrhunku. Aluekn 99701) la »» 

Spue 1 f I c prxhleoui uf etorn-eurge 
polar BUIS era oruilrged. Tho vtri ...jlil H 
equacluna uf motion end continuity ij*.fti« 

prudlat Inn of ntorn-aurgu «ve both in 1D ;i|a" 
end ICMMirid suuh. The Interact ^ ( ,^e- 

Itu, and voter Is earreaead tf i» a 

Hal atruBsae. A nuuerical B rl “ 1 arevldi** 1 
Lhukchl and Beaufort 5ea« and «'« * , BD at 
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OIbii giMiurlnq (hrouAvncuu* pcnctruhlu ebjucta) 

4F1J IMKIHAf. IMI'STIOVS WK SCATTFIIUI D» PENIIMU.R 
I'BJDIK. II 

R. t. K I u Inn’s IDcpirlxcnl uf Mail iuma I leal bclcncae, 
I'r.lv.rulty of Uulav-iru, liiw’rk, Delawaiu, 19/lb) 

C, >. Pu’cl, 

lbu pruMrn el scattering si tlnu-haroenL: loepnlng 
U1KS bv h"=>ABiKuua penetrable ubjectv of arbitrary 
ihijr UvIlnJera uf .irbllrery erase peer Ion to two 
dlecnslnns) oiy be tccoit a, a pair at boundary Iniagcal 
cRuillonn to duluiqln* two unlneen iluliattlea from which 
(Iw Held quant lllon mqy bn obtained. The kamale of 
tha lot until cguil Ions usually Involve the Ire* space 
(rean'n functions foi the Hrloholtg equation wUh wave 
nuatere upproprlita to bath tha Bp Lor ills and Interior 
icglone. Recant work on sent to ring by lapecf liable 
ubjrcta hag shows tine cutulderAbla edvantsu la gained 
by modifying the free specs Gram's function with the 
addition nl ■ linair crab I nit Ion of radiating 
cylindrical or spborlcaL wave* iMltlpolus) vhoee 
ceaff Iclonls ore rlursen la BOeu optimal aunt. Tu the ■ 
present paper, thl* ml hod f* egieuded to tbe paMtrehlu 
rase. Ifcre the fundameutal lulutlom In thi auerlor le 
again •udlftod by the addUloO of but go lag wen* uhllei 
I ha Interior Grin,'* funnfud 1* modified by tfim 
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RADIATION PATTRRH3 OF TORJ I OH ALLY VIBRATING SEISMIC 
SOURCES 

Geffrey A. Doro iFarmwTly Engineering Gao ac lance, 
Univart 1 1 y n( California, Berkeleyi praaently ARC0 Oil 
and Qbi Conpanr, Rcplo ration and Pruductlen Research, 
P.0. Id* 7819, Dal lee, TX 7S22I) 

Thn radiation pattern! available (n the literature f ur 
lalanlr aurfati aourcea arc reatrlctad to (ar-risld, 
low- frequency aolutlone for undamped half-apacg modal!. A 
theoretical atudy of the radiatioo pattern of a circular 
h’seplate vibrating torilonally on the aurface of an 
Y* layered anelaitlc Dedium dimanitratei that rh# pattarna 
,n tha lltcraiura da not reasonably rrprairnt the 
radiated field of a source on a duped layerad medium. 

The radial ion psitarn of a source la a measure of the 
alrnngth or tha output algnal ■■ e fuovilon al direction 
end li determined by calculating the dliplacemanLs at 
points along the arc of ■ circle *t a specified radial 
distance from tha eource. The aelutlon for the 
i!, /a*"**}. *'■. 10 a vlb *«for °r • plane- layered 
■naleitlc mediue le obtained by eolvlng the alaetodynamic 
wa.a aquation ualng Fourier sod Henkel trane forme. The 
dltplaceoani la ■sptiiaed In terae of an Inverse Henkel 
tram fora which is perfoimid ewer lea I ly. 

The ehape or the torsigaal radiation pattern In e 
hail-space ,a ■ function of frequency, host pi ace redtue. 
•hwir-wevv velocity, .ad radt.l dlatence between the 
lource end th. obeervitlon points. A* frequency 
increases, the source beams more energy in a 

Urn!™,' l a ’ V* in dir '“ l »« «««T the 

horluntal. Vortical beaming elm increase, g. baieelaio 

rediu* incressea and ee ihetr-wava vmlac liy dacregiea. 

■» RRynpiollc fer-field 

&$£ £\V n “ 4Uumm lB ot 5 

In t layered medium, canatructive find deitructlva 
— r.fr.ct.dwU.: 
rldi.i.d n.?A *r r l,t U ° M “ e ».tt«ture In the 

ridlated field. A minimum occurs juat below the layer 

■ •fr£lon U 7V , “ ‘^'r 1 01 r-tlecLieni 

refraction*. A* frequency increase., a greater proportion 

u^d^Vlyle r stVlVe * ‘““ rUee » nd Hi* 

uuuertying mediae. At frequSnc tea tvplcel 1 y used In 

' ia?ilSUii < 1a!l«!"? UBy th * "! ] ° rUy •' ' b «'»tan«l from ■ 
TT,» . h 7V U lr,pped ln lhB ■«*«. layer, 

r,d r 1,,1 ?r «> «!«■> diltauca 

lal ,!_!?' the deoeity, v.locft., 

.. Kr« ^,2" ^!IK “w *• '*>« «t(.c. 


Lhukchl and BaauiiJrL sui aw 
uLDulatad and Ahurtly duicrLbud. ?• 

Oikl ses nurfAce gsooutry ace [J,* tl «'* “"T, 

nLBOBpherU proBSure *y»t««*. c f ^ tu*!" 1 * 1 ' 
uroJ end cunputad sua level, dheer tifid 1 ^ 1 

Ddge, rroveu chat the modal le *““* M *•■ I* 
both water end Ice motion. (StorO 
Beaufort and Chukchi Beall. 
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A HOOKIi OF 3 EA ICR PfQtft IBSfW'W”® g.ihl^'f 
Petal o.KillwucLb (DepetUmnl « _ *,hn 

TYworel leal Physios, urw leta llY _ puldw . 
BLreeL, Cambridge CBJ 9 «. LJufWlW ,C * M S 
me linnet IneteMIlL? aC "",, rf ad W 
overly utg e peeelve ocean I* , •wU'J 

where the Ice oonoenuanoa ; gtl ‘ C — ^ J " , ’*V * 1 

lion fat from Lh. fW». 
aiLlsiie* are confirmed numerical ¥ t , »iiY 
■tvlty Whloh la not loo . [odK* 1 * 

•Uepeielvlty siablUHS lh * rt , y *iu«» 
utuie- ftonlal wind alien ■* L lt *h | llW p 
aisle, but dome nol efiad it» , 

< eddies, lnaLebl l ILlae). 
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TOPEX: Observing the 
Oceans From Space 

George H. Bom, 1 Carl Wunsch, 2 
and Charles A. . Yamarone 3 

The vast ness and inaccessibility of the oceans make difficult the collection or mea- 
surements necessary to develop detailed models of the oceans and an under- 
standing of oceanic dynamics. However, die combination of satellite altimetry 
and scattei ometer wind measurements, technologies developed and demonstrat- 
ed by the National Aeronautics and Space Administration, together with en- 
hanced in situ measurements, can provide a major improvement in our ability to 
observe the oceans globally and synoptically. For example, these data could great- 
ly improve the modeling and long-range predictions of global oceanographic and 
atmospheric anomalies associated with the £1 Nifio/ Southern Oscillation such as 
occurred in 1982-1983. Hence, the launch of the Ocean Topography Experi- 
ment (TOPEX) satellite, which will provide worldwide altimeter data, combined 
with the initiation of international programs such as the World Climate Research 
Program, will lead to significant progress in the understanding of oceanic pro- 
cesses on global scales. 


Introduction 

Satellite ahimeiers have been improved 
during their brief 10-year history iron) Lhc 1- 
m precision of Skylab to 30 cm for GEOS 3 
ana a subsequent 5cm precision for Scasat. 
The GEOS 3 and Seasat missions demonstrat- 
ed the potential of satellite altimetry for geo- 
detic and oceanographic applications and 
have substantially improved our knowledge 
of the marine geoid. In addition, they have 
demonstrated the value of the altimeter For 
studying mesoscale variability of surface geo- 
urophic currents (Figure 1) and have yielded 
impressive evidence of potential improve- 
ment in our understanding of general ocean 
dmilaiion (Figure 2). 

A satellite altimeter measures the satellite- 
to-sea-surface range by determining the 
round-trip travel time ora radio pulse trans- 
mitted by the altimeter and reflected I ram 
the ocean surface. Such measurements, when 
combined with the orbit height obtained by 
tracking the satellite, make it possible to de- 
termine the topography ur shape of die 
ocean surface. The shape of the ocean sur- 
face, which deviates m some poinis by as 
much as 100 m from the bcst-Hiting refer- 
ence ellipsoid, closely iippiuxiiiiiites an cqui- 
poiential surface referred to as the marine 
geoid. 

The small deviations (< I m) of the ncean 
surface from the marine geoid arc i allied 
primarily by nuasi-geostropliic currents and 
tides. Generally speaking, water movements 
having spatial scales greater than about 30 
km (the Rossby radius of deformation) and 
Ume scales longer than about a day are in 
quasi-gcostraphic balance to a good first ap- 
proximation. This means that to lowest order 
ihe velocity field is such that the Coriolis 
force is balanced by the pressure field. Water 
movement tends to be along, rather ilian 
down, ihe pressure contours, just ns winds in 
Jhc atmosphere circulate around highs and 
tows. The pressure field in the ocean mani- 
lests itself as a slope ol' the constant-density 
surfaces in the sea rein live to level (cquipu- 
•eniial) surfaces apart from the tides. The 
slope of the sea surface is a direct result of 
'hat part of the surface How field which is 
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. 7? renCe surface using a single TOPEX 
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1S a l ypkal length scale associated 
error source. 

:y Q ?l nier for space Research, The Universi- 
» a* Austin, Austin, TX 78712. 
Pl ane .f an ®* nt < >f Earth, 'Atniospheric, and 
rechn«7 Scien «s. Massachusetts Institute of 
Cambridge, MA 02 139. 
iliim-, r ^P u| s , on Laboratory, California In- 
01 ^chnology, Pasadena. CA 91 109. 


geosirophic. /Vs an example, the slope of the 
ocean surface relative to the geoid across the 
Gulf Stream is approximately 10 s . It is desir- 
able to measure slopes as small as l O' 7 across 
ocean basins. Measurement or these slopes 
would thus provide direct observation of the 
major component of large-scale oceanic How. 

Altimeter range measurements, also, can be 
made over land and ice. providing topo- 
graphic profiles as well as ice edge location. 
While oilier satellite instruments such as scal- 
teromeiers and radiometers provide ice edge 
location, ice profiles are nearly impossible to 
obtain except by altimetry. In addition, the 
altimeter measures wave height and surface 
wind speed front the shape and amplitude of 
the reflected pulse, with an accuracy compa- 
rable to that obtained from in situ instrumen- 
tation. 

Pending governmental approval of ihe pro- 
ject, NASA plans to launch tbe Ocean To- 
pography Experiment (TOPEX) satellite in 
1989. This satellite will carry an ullimier ca- 
pable ol measuring tile satcllitc-o-sea-surface 
range with a relative precision of 2-3 cm, and 
ihe TOPEX measurement system will provide 
sea surface inpogiupliy measurements with 
an absolute accuracy ol 1*1 cm (Table I). The 
primary objective of the TOPEX mission is in 
culleci n 3-vcar set uf sea surface topography 
data. This data set will be a key to the mea- 
surement of time-varying and mean circula- 
tion. 

Several satellite missions carrying Seasal- 
class ahimeiers arc being planned for this 
decade. The U.S. Navy plans to launch GEO- 
SAT in 198-1 to complete the task of high-res- 
olution mapping of the marine geoid, which 
was interrupted by the early demise of Seasat. 
The absolute accuracy expected for this mea- 
surement is approximately I m. Consequent- 
ly, data from GEOS AT will not be sufficiendy 
accurate to determine ihe global circulation. 
Coincident with the TOPEX mission, the U.S 
Navy plans to fly [he Navy Remote Ocean 
Sensing System (N-ROSS) satellite. It will car- 
ry a scalteronictcr (to be provided by NASA) 
to measure wind speed and direction over the 
occnns and lwo scanning radiometers, one to 
determine sea surface temperature and the 
other to provide atmospheric corrections for 
the other instruments as well as information 
on sea ice extent. The combination of 2 cm 
precision altimetry from TOPEX and global 
synoptic wind measurements provided by N- 
ROSS- will allow oceanographers to test 
hypotheses of the linkage between ocean cir- 
culation and winds. The N-ROSS payload 
also contains a Seosat-class altimeter to mea- 
sure wave height and to map mesoscale . 
oceanographic features; however, the mission 
is not designed to provide topographic mea- 
surements adequate for the measurement of 
mean ocean circulation. TOPEX is die only 
proposed aitimetric mission designed to pro- 
vide the data necessary to study mean ocean 
circulation as well as variability at all length 
scales. 

The European Space Agency, France, and 
Japan all have plans to launch Seasat-dass al- 
timeters before the end of this decade. Cur- 
rently, the United States and France are dis- 
cussing the feasibility of merging TOPEX 
and the French aitimetric mission, Poseidon. 
More details on this are given below. 

Need for TOPEX 

The past few decades have witnessed slg- ; 
nificant progress toward understanding the 
ocean circulation. In the years since World 
War II, oceanographers have developed a: 
good understanding of the fundamentals of 
the physics of fluid flow, and now geophysical 
, fluid dynamics provide a theoretical frame- 
' work into which could be placed observations . 
from a number of novel instrumehis that 
have become available recently. The comput- 
er has made possible the creation of numeri- 
cal models that describe the dynamics of en- 
tire ocean basins and has provided the means 
to process large data sets necessary to initial- 
ize and drive these models. 

As a result of the advances in computer 
and instrumentation technology, the oceano- 
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f, 8- 1 Spectra or the sea surface height variability obtained from Seasat altimeter 
height daia in (a) high-energy areas (near major currents) and (6) low-energy areas. The 10 
labeled curves are rrom difTcrem areas in the world's oceans. The error bars are 95% conli- 
dence limits. The left error bar in each figure is for wavelengths greater than 250 km, and 
the right one is for wavelengths shorter than 250 km. The two large tick marks on the wave 
number axis indicate the wavelengths or 150 and 250 km, respectively. These spectra show 
that altimeter data provides information on the statistics of mesoscale variability which can 
be used by models of ocean circulation. (From L. L. Fu, On Lite wave number spectrum or 
mesoscale variability observed by the seasat altimeter (/. Ceofihys. Res., 88, 4333-4342, 
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Fig. 2 (a) Dynamic topography of the oceans determined by a spherical harmonic ex- 
pansion complete to degree and order six or the difference between Seasai altimeter height 
measurements and the best available long wavelength geoid from the Goddard Space Flight 
CenLer.(i) An equivalent expansion of dynamic topography based on hydrographic data 
and published by S. Levitus. While there are obvious clifTerencea in the two maps (for which 
there are plausible explanations), their striking similarity is tantalizing evidence of the po- 
tential of a mission such as TOPEX. (From C- K. Tai and C. Wunsch, An estimate of global 
absolute dynamic topography, J. Phyi. Oceanogr., in press, 1983.) 


graphic community is now ready to under- 
take the fundamental problem of under- 
standing the general circulation of the world’s 
oceans. As recently as 10 years ago, loa little 
was known about circulation, and instrumen- 
tation was unavailable to attempt a program 
such as mapping the global general circula- 
tion. However, the development of altimeters 
and scatterometers has provided the capabili- 
ty to measure globally and nearly synODtically 
sea surface topography and winds, ana satel- 
lite-borne microwave radiometers provide the 
necessary corrections Tor atmospheric influ- 
ences on the aitimetric and scalierometer 
data. Data front these instruments, when cou- 
pled with conventional and novel in situ mea- 
surement techniques such as acoustic tomog- 
raphy, inverted echo sounders, satellite- 
tracked drifting buoys and floats, and 
improved current meters and hydrographic 
instruments, as well as programs to measure 
passive trace elements such ns fluorocarbons 
or tritium, signficantly enhance the feasibility . 
of understanding global circulation. 

Knowledge of the mean and lime-varyina 
components of global circulation would help 
provide Lite answers to a number of questions 
being asked by society: 

1. ’ What is die role of the ocean in deter- 
mining our present, global climate and its 
fluctuation*. For example, the rale at wlyich 
the oceans will absorb the increasing amount 
of CO* bring emitted into the atmosphere 
and an understanding of the aLmospnere/ 
ocean interaction during the £1 Niflo/ South- 
ern Oscillation phenomena are topics of criti- 
cal interests. 

2. What is the . trajectory arid ultimate fate 
on long time scales of wastes in 'the ocean as- 
sociated with radioactive materials. 

S. What factors control and modulate the 


oceanic upwelling that supports ihe world's 
fisheries? The answers to questions such as 
these can be obtained only after the general 
circulation of the oceans is better described 
and understood. 

Climatologists and meteorologists are cur- 
rently forced to parameterize the effect of the 
oceans on dimate and weather in grossly 
oversimplified ways. Ultimate understanding 
of how climate and weather are controlled 
and changed requires first a comprehensive 
description of I lie global scale ocean circula- 
tion and, second, a much deeper understand- 
ing of its physics and chemistry. 

Mission Objectives 

The TOPEX mission design is based upon 
studies of GEOS 3 and Seasai results and of 
known oceanic characteristics. TOPEX will 
provide altimeter data over nearly all the 
world's oceanic areas for a period or 3 years. 
However, the spacecraft will carry sufficient 
expendables to allow nn additional 2 years of 
operation. The TOPEX data set will be aug- 
mented with the necessary ancillary and cor- 
rective data lo allow scientists to compute 
global sea surface topography maps accurate 
to about 14 cm at intervals of the satellite 
ground track repent period (nominally 10 
days). Differences Of these maps will reveal 
the time-varying component of ocean circula- 
tion. The 3 to a year data set will provide 
over a hundred of Lhese maps which can be' 
averaged to provide a multi-year mean sea 
surface accurate to a few centimeters. Differ- 
ences of this mean surface from the marine 
geoid will yield a global map of mean' geo- 
strophic flow. While the production or maps : . 

1 1 

Article (coni, oh p. 434} 




I 


‘ I: ,=.i 


EOS July 10. ]<J8-1 


. i ; • : 


‘ ' 

i ' . , i !■. 

•i; -•!!•: : 

i :: 

•• • i.;-: 


'! ! •!.! li 

ili-tf i 


v l;i 






M- 


i • 

l vi 


, | * • I , 

.t • i ' ■ ■ 


i i' 1 ,. : 





l'-: ' ! : w. 

' : r ; ! ' 


-.tit : 

i. *fchr \ ; 

\ I 1 i'i i 




Article ffunl. front p.433) 




Fig. 3 . The ground track traced out by TOPEX during one 10-day repeat cycle. 
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Fig. 4. KvoUiiimt of.Scasui orbit determ- 
ination accuracy. Pol lowing the launch of Se«t- 
ut. siRiiilnam increases in orbit determination 
.-Kiti racy resulted fowl iJjo development of 
and subset | ueii i improvements to a gravity 
mod id tailored lor the Sc.ml orbit. Cur rent 
orbit delenninaiion uuuraiv lor Scas.il ( — 10 
(in) is not lar I'rom that re«|iiired lor TOPEX, 


and l lie timely develimiiient ol the ttciesiarv 
models and inctliodniujiv to achieve die TO- 


mndels and method' 'fogy' to achieve the TO- 
PEX • dijec lives a | ipeat* lea sililc. 


World Ocean Circulation Experiment 
(WOCE), the Tropical Oceans/Global Atmos- 
pheres Experiment (TOGA), and a global 
ocean monitoring program for repeated mea- 
surements of die internal structure of the 
ocean in critical regions. Overall, WCRP is 
equivalent in scope to the Global Weather Ex- 
periment of I979-I9H0. The TOPEX pro- 
gram will be closely coordinated with WOCE 
and TOC* A and will provide a critical source 
of data for WOCE. TOPEX in turn will ljcne- 
lit from (be extensive in situ observations 
planned for these experiments. 

Tin- general circulation of the ocean is 
known to be Im ccd bv winds and by air-sea 
transfer of heal utul fresh water. To under- 
stand details of this forcing as well as to test 
our ability to compute circulation from the 
forcing by winds, synoptic global wind fields 
will lie required. The only feasible way to ob- 
tain these is with a satellite-borne wind field 
scauerometer. This instrument, which was 
proven on Seasat, will be carried by the U.S. 
Navy's N-ROSS satellite planned for launch 
in 1988. Thus, the combination of TOPEX 
and N-ROSS will provide the necessary satel- 
lite-derived data for studying ocean circula- 
tion. 


of global mean geostrnpliic How requires a 
gcoid with gi eater .ituiracy than is luncntlv 
available except at wavelengths greater than 
about IQ.OUU kill, maps ol the timc-vaiving 
circulation rue i rule pendent ol the gcoid ami 
Liuild be pil'd i ltd I imiiivili.il civ limn TO- 
PEX data, because the ocean vanes on all 
length and lime scales, the c|iidutificaiinn of 
its variability in a m;i list ical sense is important 
to the development of ocean circulation mod- 
els. 

At first, mean circulation will be studied at 
long wavelengths and on a regional basis in 
areas where high-precision gcoid* exist. Ship- 
Itoarri gravity surveys can be carried out be- 
fore. during, and after the TOPEX mission 
U) increase the number of local gcoid s suit- 
able Tor mean circulation studies. However, 
solution oT the general problem of global 
mean circulation requires a global gcoid with 
an accuracy of 2-5 cm on length scales of a 
few hundred kilometers Lo the sire of the 
ocean basins. The short and intermediate 
wavelength portion uf such a geoid could be 
produced by the Gcopotential Research Mis- 
sion. which NASA hopes to begin in the early 
1990's (Eor, October 25. I9H3, p. 609). Satel- 
lite tracking data and surface gravity data 
currently available have the potential to im- 
prove the lung wavelength portion of the ge- 
oid to useful accuracy for mean circulation 
studies. 


Ancillary Programs 


lific, aud Cultural Organization, and the 
World MeteoniloKical Organization lias i 


Sensors 


TOPEX will carry u dual-frequency altime- 
ter to measure the satclliie-tu-sea surface 
range. The primary measurement frequency 
is 1 3.7 (HI/ l. Seasat used 13.5 GHz), .uni the 
second Irequcncy is 5.3 GHz. The range dif- 


ference measured at these frequencies pro- 
vides a first-order correct ion for the influ- 


ence of the ionosphere. A three- frequency 
microwave radiometer (18, 21, and 37 GHz) 
will provide a correction to the altimeter 
height measurement Tor the effects of atmo- 
spheric water vapor. An array or laser retro- 
reHectors onboard die spacecraft will allow 
independent height measurements to he 
made from an island calibration site to verify 
and calibrate the altimeter height measure- 
ment. The laser site will be lied by survey to 
local mean sea level and tide gauges around 
the island will measure local variations in sea 
level at the time of satellite overflight. The 
satellite will directly overfly the laser site, 


(hereby allowing ail independent measure- 
ment of the satellite Iieinnt. In addition, on 


While collect ion and verification of a 3-ycar 
set of global altimeter dam is the primary ob- 
jective of the TOPEX mission, this data set by 
itseir is not adequate to determine the gener- 
al circ itl.ti inn. A program of in situ data col- 
lection must be underway simultaneously. 
This priigr.ui i should include ships and (I rift- 
ing buoys deployed mi a glulial scale to gath- 
er hydrographic, gravimetric, neat -surface 
veil H'ily. and rheinual naier data. In itarticu- 
lar, the buns* and item rally buoyant floats 
with satellite uiiiiiminii-atimi.s links are need- 
ed for direct observations of the How Held 
over large areas and long time |tcriu<U. In a 
few areas of special imereti, regional observ- 
ing programs using ships, tin Hired current 
meters, floats, teniiterumru recorders, tide 
gauges, and oilier in situ instruments will be 
required. 'I hose regional ureas would lie 
places such as the Straits ul I'toiitla or the 
Drake Passage where local in formation would 
make h direct and immediate conirihuiiuii to 
a knowledge of larger circulation scales. 

Clearly, un in situ program on this scale 
will require international cooperation and 
participation. The worldwide meteorological 
and oceanographic community, under the 
auspices uf the International Council of Sci- 
entific Unions, the U.N. Educational, Scicn- 


nn experiment. The experimental system 
probably will be u receiver which extracts 


height at the satellite nadir point based on 
the best available models. Also, range differ- 
ence between the two altimeter frequencies 
(proportional to total columnar electron con- 
tent) and culuinnar water vapor content from 
the radiometer will lie provided. 

The initial 6-montli period following 
launch will be used to assess the performance 
of the satellite and verify die accuracy of the 
satellite measurements and the ground proc- 
essing system and associated data products. 
The TOPEX data system will be a dedicated 
central processing facility and will be in place 
and operational 6 months prior to launch. 
Routine production of science data records 
will begin about 6 months after launch, and 
the system will be configured to process 24 
hours of TOPEX data in approximately 6 
hours. Data will be distributed to science in- 
vestigators via an ocean data system at the Jet 
Propulsion Laboratory ur by the National En- 
vironmental Satellite Data Information Ser- 
vice of the National Oceanic and Atmospher- 
ic Administration. 


mem of the satellite height. In addition, one 
or two buoys will be located offshore along 
the satellite ground track in order to verify 
the altimeter's measurement of wave height 
and wind speed. 

The prime instrument for precise tracking 
of the spacecraft is a Doppler beacon to be 
used wilb the Defense Mapping Agency's 
Tranet Tracking System. Also, payload ca- 
pacity has been reserved for a high-precision 
radiometric tracking system lo be carried as 


pseudo range (range plus a clock bias) from 
the transmission of the Glottal Positioning 
System (GPS) satellites. Pseudo range front 
four or mure GPS spacecraft can be com- 
bined to determine receiver position and re- 
ceiver cluck bias. If pseudo ranges to a 
ground receiver and a receiver onlxtard TO- 
PEX arc measured simultaneously from two 
(IPS spacecraft, these range measurements 
can lie doubly dilfcreuccd, thereby eliminat- 
ing nil clock errors. By using double differ- 
enced range measurements from the antici- 
pated 18-satellite operational GPS constella- 
tion and seven or eight ground stations, it 


should he possible to determine global orbits 
for TOPEX to stthdcdincier accuracy. 


Data Products 


The TOPEX mission will produce both en- 
vironmental and research data. Environmen- 
tal data, which will be supplied to Navy's 


World Meteorological Organization has un- 
derway a program called the World Climate 
Research Program (WCRP). The major 
oceanographic elements of WCRP include the 


the spacecraft and the geoidal and tidal 


Orbit 


Current plans are to place the TOPEX sat- 
ellite in a circular orbit inclined at 63.4° to 
the equator at an altitude of 1334 km. This 
baseline orbit was chosen because (1) it avoids 
aliasing tidal signals into annual and semi-an- 
nual frequencies, (2) the inclination is such 
that the orbit covers the southern limit of the 
Drake Passage and still provides reasonable 
crossing angles between ascending and de- 
scending orbital arcs for the recovery of both 
zonal and meridional components of topogra- 
phy. and (3) the altitude is high enough to 
mitigate the effects of atmospheric drag and 
gravitational perturbations on the orbit, 
thereby allowing a more accurate determina- 
tion of the orbital height. The orbit will be 
controlled to exactly repeat (to within ± 1 km) 
every 127 revolutions or about 10 days result- 
ing in spacing between equatorial tracks of 
315 km (Figure 3). The repeat period was 
chosen as a compromise between the desire 
to obtain both high temporal and high spatial 
resolution. 

One of the major challenges facing the 
TOPEX mission will be the determination of 
the altitude ephemcris of the satellite. As 
seen from Tabic I. uncertainly in knowledge 
of the height of the orbit is the major contrib- 
utor to the error budget. Knowledge of the 
spacecraft position is required to separate 
variations in die alliniciric range measure- 
ment due to the satellite motion from those 
caused by elevation changes in the ocean sur- 
face. 

During die Scasai program, impressive 
progress was made in the ability to recon- 
struct the satellite trajectory using laser and 
radiometric tracking daia (Figure 4). Howev- 
er, considerable improvement in knowledge 
of the lunger wavelength (> 1000 km) compo- 
nents of the earth's gravity field is necessary 
in order to reconstruct the TOPEX radial 
ephemeris to the required accuracy. A 4-ycar 
program was initiated in FY84 (Fiscal Year 


1984) by NASA to produce a gravity field im- 
proved at spacecraft altitude by at least a fac- 


Present Status 


TOPEX is managed by the Jet Propulsion 
Laboratory for NASA and is currently a de- 


Atmosphcric Administration to provide the 
necessary in-waier observation data to verif 
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of an altimeter development model was initi- 
ated in FY83 at the Applied Physics Labora- 
tory. An "announcement of opportunity" s» 
liciting proposals to do scientific research 
with the TOPEX data is planned for release 
by NASA Headquarters early 1985. 

A study is currently underway with the 
French Centre Natiunale d’Etudes Spatiale 
regarding the possibility of a joint (U.S J 
French) TOP EX- Poseidon alumeiric mission. 
Under current proposals, the French would 
launch the TOPEX satellite into orbit with 
the Ariane booster. The TOPEX payload 
would be increased to include two French 
sensors, a high-precision Doppler tracking 
system (DORIS), and an altimeter sharing the 
TOPEX altimeter antenna. There would be 
collaboration between U.S. and French scien- 
tists in the areas of data evaluation, precision 
orbit determination, and scientific applica- 
tions of the data. NASA also is proceeding 
with the definition of a shuttle- based U.S. 
mission as a backup to the U.S./French joint 


Suggested Reading 


proved at spacecraft altitude by at least a fac- 
tor or 2 over the current best unclassified 
models. This field will be derived by using 
much more of the available satellite tracking 
data than has previously been used for gravi- 
ty recover)’. The improved gravity field to- 
gether with global tracking by the Tranet sys- 
tem will allow the TOPEX orbit to be deter- 
mined with decimeter accuracy. 


A comprehensive discussion of the science 
objective and requirements i«r the TOPF.X 
mission is given by the TuPEX .Science 
Working Group in “Satellite Altimctric Mea- 
surements of the Ocean." J PL Dor. 400-111. 
Jet Propulsion Laboratory. Pasadena. Calif., 
March 1981. 

Several survey articles have recently ap- 
peared that have extensive bibliographies and 
describe progress made in die application of 
altimetry to geodetic and oceanographic 
problems; (I) ). G. Marsh. Satellite aliimetn. 
Rev. Cnftlrts. S pact Him., 21, 574-580. April 
1983; (2) 6. Brown aiid R. L. Cheney, Ad- 
vances in satellite oceanography. Rev- Geophys. 
Space P/m.. 21 1216-1230, April 1983; and 
(3) L. L. Fit. Recent progress in the applica- 
tion of satellite altimetry to observing the me- 
soscalc variability and general circulation of 
the oceans, Rev. Geoph\s. Spare Rhys., 21 
1657-1660, November 1983. In wlditioma 
special of Marine Geodesy (vol. 8, April 1984) 
dedicated to satellite altimetry will be pub- 
lished early in 1981. 


velopmem flight project. This means that it 
does not yet have a project start; however, it 
is a strong candidate Tor an FY86 project 
start which would allow a launch in 1989. 

The Goddard Space Flight Center has a 
substantial role in TOPEX and is responsible 
for supplying the two-frequency altimeter 
and precise orbits for distribution with the al- 
timeter data. The altimeter will be built by 
the Applied Physics Laboratory of Johns 
Hopkins University. The Center for Space 
Research at the University of Texas at Austin 
will participate in and be responsible for cer- 
tain activities associated with verifying the ac- 
curacy of geophysical data products and pre- 
cise orbits. Present plans call for the Defense 
Mnpping Agency lo provide globally distrib- 
uted Tranet tracking data; the Fleet Numeri- 
cal Oceanographic Center to provide atmo- 
spheric pressure, temperature, and water va- 
por fields; and for the National Oceanic and 
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Fleet Numerical Oceanographic Center with- 
in 4 hours of receipt, include wind magni- 


tude and measurements of wave height. The 
primary data for research will be height data 
corrected for instrument, atmosphere, and 
surface effects, a; well as measurements of 


necessary in-waier observation data to verify 
the altimeter geophysical data products, 
height, wave height, and windspeed. 

A Science Working Group has been estab-. 
lished to provide scientific guidance in de- 
signing the mission, A Precision Orbit Deter- 
mination Task Group has been formed to ad- 
vise the project on matters related to tracking 
and orbit determination of the satellite. 

The mission has been under study since 
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wave height and wind magnitude. Additional 
information Lp tkt supplied on the science 
data record intludes ine precise position of 


1980, and significant progress lias been made 
on minimizing cost with, little compromise of 


data accuracy. During FV84, three industrial 


firms will study the possibility of using off- : 
the-shelf satellite configurations' to carry the 
TOPEX sensors. In addjtion, (he production 
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Shuttle Mission 
To Study Halley 

A series of astronomy missions slated to be 
carried aboard the space shuttle will lead with 
a special look at Halley's Comet. 

The missions, dubbed Astro, consist of 
three ultraviolet telescopes dial will be used 
to study stars and galaxies. To study Halley's 
Comet, a pair of visiblc-iiglu cameras have 
been added to the Astro payload's first flight, 
scheduled for March 1986. 

Astro’s three telescopes are the Hopkins 
Ultraviolet Telescope, the Wisconsin Ultravio- 
let Spectropolarimeier, and the Goddard Ul- 
traviolet Imaging Telescope. These telescopes 
are aligned for simultaneous ultraviolet imag- 
ing ana for taking simultaneous spectroscopic 
and polarization measurements of astronomi- 
cal objects, including Halley’s Comet. 

The first 7-day Astro mission, scheduled at 
a time when several comet probes will inter- 
cept Halley, will return scientific data on and 
photography of the comet. The European 
Space Agency, japan, and the Soviet Union 
have each designed probes to fly by die com- 
et and through its tail in early March 1986. 

The National Aeronautics and Space Ad- 
ministration (NASA) has selected eight scien- 
tists, who. together with three other scientists 
each representing one of the three telescope 
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teams, will form the Astro Halley Science 
Team, The leam lias been charged with plan- 
ning the overall program for observing th c 
comet. 

The eight scientists selected bv NASA for 
the Astro Halley Science Team arc Michael 
A'Hearn. University of Maryland. College 
Park; John Brandt. Bertram Donn, and Mal- 
colm Niedncr, of NASA’s Goddard Space 
Flight Center; Barry Lutz, of the Lowell Ob- 
servatory in Flagstaff, Ariz.; Chet Opal, at the 
University of Texas. Austin; C. Robert 
O'Dell, of Rice University; and Susan Wyck- 
off, of Arizona State University in Tempe. 

In addition, NASA recently announced its 
selection of three scientists to train as payload 
specialists for Astro. They are Samuel T. 
Durrance of The Johns Hopkins University, 
Kenneth H. Nordsieck of ine University of 
Wisconsin-Madison, and Ronald A. Prise of 
Computer Sciences Corp., of Silver Spring, 
Md. 

The Astro mission is being managed by the 
Marshall Space Flight Center. The observa- 
tory is scheduled for assembly and integra- 
tion into the space shuttle at Kennedy Space 
Center during 1985. Astro missions will use a 
pair of Spacelab pallets and the Spacelab in- 
strument pointing system. 

Geodynamics 
Study in Israel 

The origin of Mediterranean earthquakes 
and the precise determination of very small 
movements of the earth's crust will be the fo- 
cus of a joint study by the Israeli Space Agen- 
cy and the National Aeronautics and Space 
Administration (NASA). Israel will join 1 1 
other countries conducting laser ranging ac- 
tivities with NASA as part of the agency’s 
geodynamics program. 

As pan of a global network striving for de- 
termining with a precision of 3 ent small 
movements in the earth's crust, the Israeli 
Space Agency will build a ground station that 
will beam low-power laser pulses to several 
satellites, including LAGEOS (the Laser Geo- 
dynamics satellite) and the French satellite 
Siarlettc. NASA's annual budget Tor the glob- 
al network is roughly S3U million. 

Israel's fixed station will also work with mo- 
bile laser tracking stations to map regional 
patterns of crustal deformation and to moni- 


tor strain accumulation. The station is expect- 
ed to begin measuring crustal ninveinetiis un- 
der the international program in 1985. Other 
countries in Europe and North Afr ica — in- 


cluding France, the United Kingdom, the 
Federal Republic of Germany, me Nether- 
lands. Sweden, Switzerland, and Italy — arc 
involved in the cooperative research pro- 
gram. 

The system to be installed in Israel was 
built and operated by the Smithsonian Insti- 
tution. About 2 years ago it was moved from 
Australia to the United States for refurbish- 
ment. Later this year a site will be selected in 
Israel and the system will be shipped. 

Mount Wilson 
Telescope to be 
Mothballed 

As pan or iu plan to direct resources to its 
astronomical research facilities in Chile, the 
Carnegie Institution of Washington will 
mothball die Mount Wilson 2.54-m telescope 
on July 1, 1985, and will gradually decrease 
support Tor the 45.7-m and 18.3-m solar tow- 
er telescopes. Concurrently, the Mount Wil- 
son and Las Cnirtpanus Observatories' techni- 
cal development group in Pasadena, Calif., 
will be expanded. 

New equipment will lie acquired for the 
Las Campunas Observatory in Chile, where 
Carnegie operate.* two modern telescopes. A 
charged coupled device camera will be added 
to thc 1.0-ni telescope at the observatory to 
yield more accurate imaging nf extremely 
faim objects. Another charged coupled device 
will enable the recording of spectra of ex- 
tended sources, including galaxies and emit- 
ting clouds. Eventually, this device will permit 
fiber-optical feeds for thc sinuiltancnus re- 
cording of many objects in a group nf stars or 
galaxies. Also on the list is a new spectro- 
graph lliut will introduce high -resolution 
spectroscopy for thc first time at the Las 
Campaiias Observatory's 2.54-nt telescope. 
Computer facilities at the observatory will be 
upgraded. In addition, improvements will be 
made for the television viewing systems that 
aid in loatting faint sources iu the telescope 
field uf view. 

The search is on lor a new operator for the 
Mount Wilson telescopes. Sular-stcllar physi- 


cists may find the site ideal. George W. Pres- 
ton, director or the observatories reportedly 
is optimistic that suitable management for the 
Mount Wilson facilities will be found. 

Carnegie operates five research centers: 
the Mount Wilson and Las Campaiias Obser- 
vatories (with olliccs in California), the De- 
partment of Plant Biology in Stanford, Calif.. 
the Department of Embryology in Baltimore, 
Md., aud the Department or Terrestrial Mag- 
netism and the Geophysical Lalroratory, both 
located in Washington, D.C. 


Upcoming Hearings 
in Congress 

The following hearings and markups have 
been tentatively scheduled for the coming 
weeks by the Senate and House of Represen- 
tatives. Dales and times should be verified 
with the committee or subcommittee holding 
the hearing or markup; all offices on Capitol 
Hill may be reached by telephoning 202-224- 
3121. For guidelines on contacting a member 
of Congress, see AGU's Guide to Legislatuie In- 
formation ami Contacts l Eos, April 17, 1984, p. 
159). 

July 11 and 12: Hearing on the effects of 
nuclear war by the International Trade, Fi- 
nance, and Security Economics Stilxommittcc 
of the Joint Economic Cum mil tec. July II, 
Dirkscn Senate Office Building, Ruum Sl)- 
628, 10 A.M. July 12, Dirkscn Senate Office 
Building, Room SD-I3H. 10 A.M. 

August 6: Hearings an the contracting uf 
National Oceanic and Atmospheric Admin- 
istration mapping and charting services by 
the National Ocean Policy Study Subcommit- 
tee uf thc Senate Commerce, Science, ;nn] 
Transportation Committee. Russell Senate 
Office Building, Room SR-253, 10 A.M. 

TBA: Conference cummin cc on legislation 
for ocean and coastal resources block grams 
for fisheries programs and deep seabed hard 
minerals resources programs. Time, date, 
and Incaiitni to lie announced. Senate confer- 
ees: Puck wood (K-Orcg.). Stevens (R- Alaska). 
Gorton (R-Wasli.), Holliugs (D-S.C.), and In- 
ouye (D-ll;nv:iiii. House conferees: Jones (D- 
N.C.), Btcaux (D-L.D, Siudris ID-Mass.), 

D' Amours (D-N.H >, I'riiclitutl (K-W.tsli ), 
Young (tt- Alaska), and ('.lines (R-K.Y.). 

— BTR 



RATES PER LINE 

Positions Available, Services, Supplies, Courses, 
and Announcements; first burn in n ?5.f)0, ad- 
ditional insertions $4-25. 

Positions Wanted: first insertion $2.00. addition- 
al insertions $1.50 

Student Opportunities : first insertion free, addi- 
tional insertions 32.00. 

There are no discounts or commissions on 


classified ads. Any type style that is not publish- 
er's choke is charged at general advertising 
rate*. £w is published weekly on Tuesday. Ads 


must be received in writing by Monday, I week 
prior to the date or publication. 

Replies to ads with box numbers should be 

addressed to Box American Geophysical 

Union, 2000 Florida Avenue, N.W.. Washing- 
ton, DC 20009. 

For more information, call 202-462-8903 or 
toll free 800-424-2488. 


POSITIONS AVAILABLE 


Physical Oceanographers. The Marine Life Re- 
search Group uf me J«ripps Institution uf Oceanog- 
raphy invites physical oceanographers to apply for * 
research position. The research equivalent of the 
professional scries l Ph.D or equivalent required), to 
study the circulation uf the California current and 
eastern north pacific, support is offered Tor two 
Start. After which the candidate tnav be expected to 
generate all or part of continuing support. 

Salary range >23. 1 00 — 10.900. Level of appoint- 
ment ta be based on qualifications. Position sun 
date from 1 September 1984. 

Please send resume anti at least three references 
to Director, Marine Life Research Group, A -030, 
Srripps Institution of Oceanography. La Julia, Cali- 
fornia 92093 by August 1 , 1984. 

The University of California, San Diego is an 
equal opponunity/affirmativc action employer 

Chalrman/Dlrision of Meteorology and Physical 
Oceanography. The Rosemiel School of Marine 
and Atmospheric Science, University or Miami, a 
searching lor a Chairman of its Division of Meteo- 
rology and Physical Oceanography. The Division 
consists of 16 faculty, 28 scientific and technical 
staff and 25 graduate students. 

Applicants should be well established scientists in 
Meteorology or Physical Oceanography. Preference 


Instructor. We anticipate hiring a one- rear tem- 
porary instructor beginning September, 1984. Ph.D. 
degree preferred. The position might cvculve into a 
tenure track position. Musi be able to trad) a seat 
course sequence <2 semester) of undergraduate level 
mineralogy-pen ulugy (including Imnd samples, opti- 
cal mineralogy, ami petrography'), mid at least one 
or iwu courses in Mineral Resources and Ore De- 
posits. Participation in one or mare imroductury 
caurses may be required. In addition, the successful 
applicant will be expected to contribute to both our 
undergraduate and M.S. programs through partiri- 

K 'on in seminars, field trips and student projects. 

mil letter of application and resume by August 
17, 1984 to; O. Don Hermes, Acting Chairman, De- 
partment of Geology, THE UNIVERSITY OF 
RHODE ISLAND, Kingston, Rl 02881-0807. 

An AA/EOE m/f. 


Marine Research Associate IV. 


iiliutiuns are 


of research, coordinate undergraduate geology 
teaching, and assist in the field exercises. Applicants 
should have a Ph.D. with a strong academic and re- 
search record; postdoctoral experience desirable. 
Applicants should send complete curriculum vtiae 
and names of three referees before 15 November 
to; Search Committee. Department or Earth and At- 
mospheric Science. York University, 4700 Keele 
Street, Downsview, Ontario, M3J IPS, Canada. In 
accordance with Canadian Immigration require- 
ments, this advertisement Is directed tp Canadian 
citizens and/or permanent residents or Canada. 

Geochemistry Inatnimentatlon Technician. The 
Department of Geological Sciences i seeks a Mutate 
.pnir lAfKnirian m Kf in charge of its analytical facilt- 


Unit.. V 38 OIt east coast ol lhe 
ahilire Slat ^ are re ? i0ns of highest vari- 
™ d* Guff Stream. . 
artiru . ty InterNclwork, Inc.) (See 
llde b y Dorn et al. this issue.) 


ana uu traction, a mum. rr— — . ■ 

and neutron activation. Dudes include eouipmenc 
maintenance, ahared responsibilit y fu roli bra uy 
and quality control, and sy stem* develop men. Re- 
sponsibilities also Include supervision pf and in- 
volvement in sample preparation, anaiysu ■ oTgeo tog- 

and is encouraged. Salary (J 19,872) and ultimate 
level of intesrauon into departmental research pro* 

■ grams dependent on candidates abilities, interest . 
IndpVofesslonal growth. Send resume and two ref- 
«r=n« l«l' r * D " : c . R: K rf ler 

Department of Geological Sdrnce* 

Oniveralty of Tei^ at B Paso 

El Paso, Texas 79968-0355 . . . 

The University of Texas at El Pa» is an equal op- 
nnrtuniLV/Rffirmalive action employer. 


resume and names of three references, should be 
sent by 15 October 1984 lo Dr. Friedrich Schott, 
Chairman Search Committee, Roscnticl School of 
Marine and Atmospheric Science, 4600 Rickenback; 
er Causeway. Miami FL 33149. 

Position will remain open until filled. 

The University of Miami is an equal opportunity/ 
affirmative action employer. 

Postdoctoral Fellow in Atmospheric Science. A 
position will be available beginning ( kitthcT I . IUH4. 
at the Harvard-Smilhsoniun (-enter fur Astrophysics 
for theoretical analysis of thc Shuttle glow .mil stud- 
ies of upper atmosphere physics and 'aiciiiistir. A 
Ph.D., which Involved research in arronniny, is re- 
quired. Send applications ami names of three refer- 
ence* to: A. Dalgarno. Center for Asirupliysits, fit) 
Garden Street. Cambridge, MA 02 1 3H. 

University of Texas al Austin. The Ikpun itli'iil 
of Geological Sciences insiles applications liir a pri- 
son lo leach deposit it mal systems niitl petroleum ge- 
ology at the undergraduate and graduate levels anil 
to conduct a vigorous research urogram, including 
the supervision of graduate stud t-nls. in lice urea ul 
the person's interest. The person must lie willing in 
icacn the altos e subjects to itcm-nujnrs oil occcasmn. 
Thc position require* the Ph.D. und is open H» Itolh 
tenure-seeking juuiur tiersons and seidur-lcvvl per- 
sons, Availability by |anu:irv 198S1 is dcsir«ibtc. A|>* 
plkuiiu should submit a dcmilcd resume, names 
and addresses of five references, and a statement til 
teaching anrl research Interests bv November 1, 

1984 to Dr. Earle F. McBride. ne|Mrtiucm of Uro- 
logical Sciences, University of Texas. Austin. Texas 
78712. New Ph.P.-lioldcr* should also submit a 
copy or didr dissertation. abstract. 

llir University Is an equal uppominity/pfllrniii- . 

rive action employer. - 


Island fur the period uf Oi tuber 1. 1934 in Septem- 
ber 30, 1986. The marine geophysics group h.is spe- 
cial interests in a c ret innary plate hutindary struc- 
ture* and prncessrs. but we also encourage interests 
from woi Lcrs in coniine nlal margin emu lure, satel- 
lite pcnpltssics, theoretic ul geophysics, nr miici 
fields ic bird lo the marine uspccis ul geutiliysical 
research. .Salary range $2-1.131 to $311,7 H depend- 
ing un qiialilic.ilinns and experience. Plt.1V in ma- 
rine geophysics nr an allied field is required. Semi 
resume and name and addresses «i( three references 
by July 31, 198-1 to; Roger l.. [-scrxiiii. Marine Re- 
search Assnri.ilc IV Pusuicin, Graduate School of 
OccunMgi-.iplis , Tlie L'uiicrsity nf Rhode Island. 

P.O. Box 357’ Kingston. Rhode Island (12881-1)357. 

An AA'F.OF. inff. 

Postdoc torsi Research Associate Posltlons/Geo- 
phyilca and Igneoua Geochemistry. The Univer- 
sity or Maine al Oronn (UMO) hut postdoctoral 
openings for u solid earth geophysicist nntl un igne- 
ous geochemist. We seek a geophysicist w bn wishes 
to advance fundamental understanding of put and 
current thermal histories of the Appalachian 
Oragcn tn New England and elsewhere. The geo- 
chemist would lie expected tn investigate vulcanic 
and pluionic suites in the Appalachian! in Maine 
and In other icrrancs. Current funding penults ap- 
point menu Tor at least 12 Months. Subject to ur rival 
of anticipated funding; lltc appointments could be 
extended to turn years. Both appointments could 
start as early as August l. 1984. Excellent facilities . 
for geoitiemial research, computer applications, 
petrologic research and geochrunologic it tidies exist 
at UMO. Additionally, limited funds are available 
fur travel and research, and I lie appointees will be 
encouraged to generate exterior support individual- 
ly or through cooperation with existing faculty. 
Please send inquiries, a vita, a list of referees, and a. 
description of research interests W Edward R. Deck- 
er or Daniel R. Lux, Department ol Geological Sci- 
ences, 110 Boanlman Hall, University of Maine at . 
Orono, Orottn, Maine 04469. Telephone calls may 
be made to 207-581-2152, and forwarded to Decker 
or Lux. 

The University of Maine is an equal opportunity/ 
affirmative action employer. 
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Chief of Telescope Ope ration s/Hay alack Observa- 
tory. Haystack Gburvilory has need fur a Chief 
of Telescope Operations, who will be responsible 
for scheduling and coordinating nsironomical obser- 
vations using the Haystack 120-loot and 60-foot ra- 
dio telescopes. The primary duties will be training 
and supervising telescope operators, scheduling an- 
tenna use for astronomy, maintenance, ansi oilier 
activities, and interfacing with investigators to assure 
the success of their observations. This person will 
also be the system manager of the HP1000 comput- 
ers used to control the telescopes and. data acquisi- 
tion hardware; some experience in FORTRAN is 
required for maintenance nf the existing software. 
In addition, participation in llte evaluation nr the 
feasibility and merit of proposals to use the tele- 
scopes for astronomical observation* will be re- 
quired; thus, the successful candidate is expected to 
have same knowledge of astronomy. Since success- 
ful observing depends on proper use or equipment, 
some experience with the use or instrumentation for 
scientific data collection is highly desirable. A nego- 
tiable fraction or time will be available for research 
and participation in softwaic or instrumentation de- 
velopment, depending on the qualifications and in- 
terests of the applicant. We seek an individual with 
supervisory ana organisational skills who u interest- 
ed in a long-term commitment to furthering the 
progress of astronomical research. Haystack Obser- 
vatory is operated by (he Massachusetts Institute or 
Technology for the Northeast Radio Observatory 
Corporation, a consortium of Northeast institutions. 
It is located 40 miles northwest of Boston in a rural 
environment, with easy access both to city activities 
and to (he coastline ami mountains of New En- 
gland. 

Please write , cockling resume to: 

J. T. Kurskii 
Assistant to the Director 
Haystack Observatory 
Westford, MA 0188G. 

HIT is an equal oppoiiuniiy/afTirmaiive action 
employer. 


Faculty Position in Atmospheric Sc fences' North 
Carolina Slate University. A tenure n*k mne- 
munili position is available at the A ssula ill starling 
Assoc kill- Pnilcssnr level beginning, lanwn 


n&MKIdll I II VII 931 m ivi^i i II 

Tlu* apt mil itec must have completed all require- 
ments for the Pll.D. degree and should lute a 
sirring hiukgiound jn thiwmical nieicurology. Spe- 


31 rf 1 1 IK ihKhKHlUllii |«| ... *•* | » 

iia] 4'c>nsi(lcKVftliisn liill I* 1 K lvcn ^ 
icsc.mii emphasize mcsMcalr plKWMWiH anil pro- 
cesses. An opporiiiuitv exists lea participate in Itie 
m mils initiated HALF. piiigr.uo. The apjimuiee 
will he expected to ifjclt courses at hut It the mtiler- 
gr.idi.aic and graduate levels. The ap|>n*ec would 
uiin the Marine. Earth and Atinciqilicrx Ssiemcs 
IteiMrtinenl, which CoilMSlS ol !l iiiclninHOgisls, U 
■u-ciliigisli ami 1 1 niarine sticncc family. I tic lie- 
uar l men i enjoys wi?l I -csia Wished <iiicl iiiiiiiuih-licnc- 
Hi ial relationships with the related [irngraois at the 
University of North Carolina ,u l.liiipel Hill, Dule 
Unisenih and instiimions in ilie near In Research 
Triangle Park. Applicant.' slmukl submit a resume, 
and the oinira auu addresses of three reference* in 
l)r. S.P.S. Arya. Chairman. Search Committee, Dc- 
partnient of Marine. Karili and Alinnspltcnc Sci- 
ences. North Carolina State University. Box 8208. 
Raleigh. NC 276115-8208; *J 19-737-22 10. Camstder- 
ailon of apidicants will begin on Sejxcushcr |, 1984. 
Nut lit Carolina State University is ait Affirmative 
Aciion/HqnaJ Opportunity Employer. 

Research Auociale/Rewareh Technician. The 
University or Maiuc at Orono (UMO) has an open- 
ing Tor a research associaie/research technician who 
would work in a small geophysical group. We seek 
an individual who can use and maintain modern 
digital electronic equipment; for example, multi- 
channel analysers, I/O Interfaces for microcomput- 
ers, digital plotters and digitizing tablcu. Familiarity 
with BASIC and FORTRAN will be needed, and 
some geophysical field work may be required as 
parL oT ihe duties of ihe appointee. Current fund- 
mg permits an appointment for-ai least 12 months. 
Subject to arrival of anticipated funding, the 


Z 207-581 -2 152 about the position. Otherwise, send 
inquiries, a vita and a Ust ofal least 'hmiefcm 
toEdward R. Decker. Department of ^'ogtcnl hu- 
... . ■ u-.il i imupr.iiv nf Maine at 


mc«r?]0 Boardmari Hall, University of Maine at 
Orono, Orono, ME 04469. .... 

The University of Maine is an equal opportunity/ 
affirmative action employer. 

Research Assistant Professor/Sballow Water Simu- 
lation. A two-year, non-tenure track appointment 
is available at Dartmouth College. Primary emphasis 
is on research in hydrodynamic and water quality 
simulation Tor estuaries, lakes, and coastal waters. 
The position also invokes teaching one course per 
year. Additional opportunities exist for involvement 
in Geophysics. Numerical Methods, or Cold Regions 

pr Ap r plk.titts must hold the Ph-D. in any relevant 
scientific discipline. Ability with finite elements mill/ 
or boundary elements is strongly favored. 

Desired start date is October 1 . 1984. Renewal of 
initial appointment is possible, contingent unon gen- 
eration oT additional research funding. Send resume 
with three referees anil dissertation abstract by Au- 
gust 1 5 to: . , _ , . 

Professor Daniel R. Lynch 
Thayer School of Engineering 
Dartmouth College 
Hanover, New Hampshire 03755 
Dartmouth College is and tEO/AA employer. 


Electric*] Engineera/Comnuler Profosaionals/Sys- 
terns Anslydt/Physlclsts/Msthemaliclani. Sys- 
tems & Analytical Sciences. Inc., a w— ' 

company, invites applications (mm B 


dynamic 
5/Plil) ik- 


LUIIIUnilli Hl'iiva "J'r . . “ . 

gree holders to fill many |iiisinons. Lxnericitcc in 
Signal Processing, liardware/soltwaie ueveUinntem. 
Coinimmicaiion ay stems R&L), Systems Analysis. 
Numerical and Simulation sluclics. Remote Set wing. 
Meteorology. Space Sciences and related fields. U.S. 


l.ili/emlnp requited I ml mil a iiiiim. hxtollem ul* 
lies and it iip.it ailed (uinp.im paid firm-lit* olTcrei] 
lleasi- mill resume in: Mi. ( 'Jt.it !■•%( fill i\. nircxiur 
or Maiketin/;. Si Menu X. An.ihtn.il Sii,. n , C5 [ l|L 

I Ians, nm ('nil Ait leiiunt.il ftuilding, Bedford ' 
MA Ml 731. 

Area Geophysicist. M.S. in geophysics required 
with two years exjtotieme ax seismologist aml/or ge- 
nln gist tu evaluate Mate-of-ilie-urt geophysical soft- 
ware and determine that software employs current 
jud accepted t henries ol geophysics; some program- 
ming icqiiired to imjilemeni now geophysical con- 
cepts developed bv the hiring company; will panics- 
pate in the lonmiiaiioti nr new processes of vertical 
seismic profiles, three-dimensional processing and 
well-lug processing; require proven research abili- 
ties; salary $33,280 per year; forty hour week; send 
resume tu the Job Service Gciucr, 8585 W. I4lh Av- 
enue, Lakewood, CO 80215, referring to Job Or- 
der# 2461345. 

Senior Research Scientist. Scitiot Kcsearih Scien- 
list. Applied Siiomr Ami iait-s I m. I ASA) a con- 
sulting mean cngmcri inu and stteiiies firm special- 
izing in iiiuiuTH.d lit, ideliug ol sltril. iimsI.iI and 
nearshore piixesxes. n seeking tu add seuiur level 
|M»xiti««nx to it* t.ipidh gi owing stall. Apiiliianis 
ivitii teseauii interests in inline tied iiiuili-ling uf oil 
spill fates ami impart, ruuvsii-in dynamics. maiim- 
,utd giouudwaiei lisdiudsu.iinus ami pnlluiam 
linn spoil. sediment Ii.iiis|hii 1 . and wave dvnarniu 
are ,d p.inind.ir interest. Aiijriii ant* should subuiii 
a resume, evideme ol ihe audit r lu generate a cun- 

I I jet .supported iWaid: pmgi.im, and die names 
uf three leieiemes n>: 

lb. M.iliulm 1.. Spaulding 
A|>| died Siienie Assn, i.iles. tils . 

32 St Main Street 
Wakefield. Rhode Island CI2879. 

ASA is an .dlinnaiive a, tic udequ.il uppurmiiiiy 
employer. 
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1984 Robert E. 
Horton Medal to 
Charles V. Theis 



Citation 

U is indeed a privilege to present the Hor- 
ton Medal to one of my colleagues at ihe U.S. 
Ceolugical Survey (USGS), C. V. Theis. 

Theis' contributions to groundwater hydrolo- 
gy over an active lifetime or inquiry have 
helped shape and reshape the science as we 
now know it. Certainly others may have accu- 
mulated a greater number of publications, 
buL no one person has had a greater impact 
on groundwater hydrology in the past 50 
yea rs than C. V. Theis. 

Theis was bom in Newport, Kentucky, in 
1900, and he received a bachelor's degree in 
civil engineering from (he University of Cin- 
cinnati in 1922; in 1929 he received the first 
Pli.D. degree in geology granted by Cincin- 
nati. His thesis was entitled “Geology of Hen- 
derson County. Kentucky.'’ It seems remark- 
ably fitting that we are gathered in Cincinnati 
hair a century later to make this presentation. 
In 1930 he joined the siafT of the USGS as an 
Assistant Geologist in the Water Resources 
Division; it was in that position he became as- 
sociated with O. E. Meinzer. In 1931, Theis 
was assigned In du a quantitative investigation 
of the groundwater resources (d I'oriales Val- 
ley, N. M., an area in the High Plains. After 
several successive investigation?, of groundwa- 
ter in the High Plains, lie was assigned In 
193-1 tu head the Public Works Administra- 
tion study ul' the Southern High Plains, front 
Kansas south. 

In considering the circus of gnntml water 
pumping in die High Plains, Theis staled: “It 
was evident that llte current equilibrium 
treatment would not suffice." In 1935, Theis 
published ill the 7rrmt«n7i<ziu nf (he Amnirau 
(Iropkwcal Union {Hoi) the pa|K-r entitled 
“The Relation IV cl ween the Lowering of the 
I'icznmctric Surface ami the Rate and Dura- 
tion of Disci i urge nf a Well Using Groundwa- 
ter Storage"; it was iliis paper that laid I he 
foundation upon which most or groundwater 
hydrology since has been built. 

The hydrologic community it aw? re or 
C.V.'s classic 1935 {taper, which provided llie 
foundations for what wc now refer to as the 
"Theis Equation." Perhaps not so well under- 
stood is how tliis development ushered in a 
whole new era of quantitative groundwater 
hydrology. A brief historical view may place 
this contribution in its proper perspective. .. 


There was a lung hiatus between the pioneer- 
ing work of Darcy in 1856 and the theoretical 
work by Thicm and Slid tier at the turn of 
(lie century. The theory as known at that 
lime allowed for quantitative analysis of 
steady state, equilibrium, flow. In the 1920's, 
Meinzer, Thompson, and others gradually 
became aware that steady state was not ade- 
quate; however, it was Theis in 1935 who 
provided the essential idea. The science of 
groundwater immediately began to take on a 
new form and has continued to evolve for 
nearly 50 years. Much of the credit for this 
growth goes m Theis for several rather spe- 
cific reasons: 

The lirsl and perhaps most important rea- 
son is philosophical. Theis obviously influ- 
enced his colleagues, many of whom were 
classical geologists, to think of hydrologic 
phenomena in a manner that was not fash- 
ionable ni the time. He introduced the con- 
cept that the study or hydrogeology could be 
facilitated by the use or analytical models 
which describe or explain physical phenome- 
na. At that stage, hydrogeology began to ma- 
ture as science. Because lie introduced and 
contributed to this perspective, many hydrol- 
ogists rank Theis with other {pants of his era: 
Karl Teriaghi in soil mechanics, Forchheimcr 
in applied hydraulics, and Theis' good friend, 
M. King Hubbert, in hydrodynamics. 

A second reason relates more to the scien- 
tific impact of C. V. Theis' contributions. 
Clearly, C. E. Jacob's derivation for the flow 
of water in elastic aquifers, published in 
1940, was motivated by Theis’ work. This fal- 
lows naturally from the fact that Jacob’s the- 
ory, which leads to Theis' solution for a pre- 
scribed sei of initial and boundary conditions, 
was derived after the solution itself was 
known. This demonstrates to me that Theis’ 
reasoning was more heuristic than osiensive; 
il is diis kind of intellectual thought that has 
led to the truly original ideas in science. Later 
contributions in well hydraulics, mainly by Ja- 
cob, Hantush, and others, built on Theis' 
original work. Further, the concept of storati- 
vity introduced by Theis has found wide- 
spread application; it implies that rock bodies 
arc not rigid but are indeed compressible. 

Hits hns led to a clearer understanding or 
the manner in which wells and aquifers re- 
spond to various forces, such as atmospheric 
and earth-tide loading. 

The period 1935 to about 19G2 was a gold- 
en era m transient groundwater hydrology, 
and Theis' original work was the basis of al- 
most all of the scientific information accumu- 
lated over that period. 

In addition tu his direct contributions to 
science, V. 'Theis has had a distinguished 
career as a technical manager and teacher. 
During World War II he wns in dtarge of the 
water supply work of the Military Geology 
Scciion of the USGS. He wns the first district 
geologist in New Mexico, ap|Mintcd to that 
|K)si(inn in 1936, a position lie held until 
1951. fit 1951 lie was appointed coordinator 
Tor waste disposal to the Atomic Energy 
Commission by the USGS. He has since ' 
served on several National Research Council 
committees dealing with radioactive wnstc dis- 
posal. In 1961 he taught at Columbia Univer- 
sity ns an adjunct professor; in 1962 he was 
appointed research associate in geology at the 
University of New Mexico. Although retired 
in 1970 he has worked for; the USGS bn a 
WAE basis since; he continues to live in 'Albu- 
querque and comes regularly to the office 
where he has worked nn{c 1936. . 

| am one of the group of younger genera- 
tion hydrologists at USCS who have had the 
opportunity to be associated with C.V.jas a 
colleague, Through the 5 decades that he has 


been active at USGS, many of us have had 
this privilege. To a man, all of C.V.'s col- 
leagues would stand and testify to the impact 
he has had in their thinking and develop- 
ment as scientists. AH of us who know him 
hold C.V. in the highest esteem. On behalf of 
die American Geophysical Union, it is with 
great personal pleasure that I present the 
Horton Medal to C. V. Theis. 

John D. Bredehoeft 


Acceptance 

Thank you, President Van Allen; thank 
you. John Bredehoeft, for your kind words; 
and thank you, Allen Freeze, and your com- 
mittee. atul the members of AGU in general, 
for choosing me for this honor. Later, 1 shall 
indicate why I am particularly pleased to re- 
ceive the Horton Medal. 

Of coune, no man stands alone. When 1 
introduced the transient theory, l encoun- 
tered some opposition in the groundwater 
pan of the U.S. Geological Survey (USGS), 
beginning with my boss, O. E. Meinzer. So I 
must thank the late C. E. Jacob for his work 
in further explanation of the transient theory 
and his pupil, die laic Malidi Hantush, who 
developed the theory in great detail and ex- 
tended it to about every geometry of homo- 
geneous aquifer that is possible to conceive. 

And l must also thank John Bredehoeft 
and his cohorts, Hilton Cooper and Steve l*a- 
padopalous. for lately calling the attention of 
the computer generation to the fact that the 
discharge of a well or wells can be balanced 
only by decreasing the natural discharge or 
increasing the recharge of the groundwater 
body. Their paper has saved me front polish- 
ing up a draft lying on my desk. 

Inasmuch as I am probably the only recipi- 
ent of the Horton Medal, past or future, who 
knew Robert Horton personally, I wish to re- 
call some of the characteristics of the man 
and some of my relationship with him. This 
award of the Horton Medal comes at about 
the dose of my scientific career; Robert E. 
Horton himself helped me begin my hydro- 
logical career. I have a great deal for which 
to thank Robert E. Horton. 

After receiving my advanced degree, [ 
spent a year with the Corps of Engineers in 
Cincinnati, and then joined the Division of 
Ground Water (as it was then called) of the 
U.S. Geological Survey, under O. E. Meinzer. 

1 first met Meinzer late in 1930. In die spring 
of 1931, Meinzer was very busy as the chair- 
man of a committee to form a Section of Hy- 
drology in the AGU. Robert Horton was vice 
chairman of this committee. The result of 
their effort was the first meeting of the Sec- 
tion of Hydrology in connection with the 
12th annual meeting of the AGU itselr. 

Meinzer asked several members of his 
Ground Water Division to prepare review pa- 
pers for this first program of Uie Section of 
Hydrology. While I was working with die 
Corps of Engineers, I became interested in 
reservoir evaporation, among other things, 

, and* a start, 1 tried to develop on my own 
time a relationship between monthly values of 
evaporation from a standard pan and mondi- 
ly values of insolation, vapor pressure deficit, 
and wind movement. 

I got a fairly good correlation For the 
places and years for which data were avail- 
able. So when Meinzer asked me to give a re- 
wew paper ,on evaporation, I included my 
own work. Meinzer did not Like this. Howev- 
er, the meedrigs were imminent, and so my 
own work-remained in the paper. At the end 
of .die meeting, Horton canrte forward and “ . 
: *aid to me/'You might have been Of* 


fice! I used about the same data as you did, 
but you got a lot closer correlation than 1 
did." This was in Meinzer's hearing. The next 
week, he came into my office and said, "It 
seems that l misjudged your work." Hence. 
Robert E. Horton wns the first man to com- 
pliment work of mine tiller I joined the 
USGS. And incidentally, this occurrence indi- 
cated the utter honesty of O. E. Meinzer. 

Oscar E. Meinzer (1H76-I948) and Robert 
E. Horton (1875-1945) were almost exact 
contemporaries. Both were great hydrolo- 
gies; I lurtou was primarily interested in sur- 
face water and Meinzer, of course, in 
groundwater. 

However, there were other great differ- 
ences between the two men. Meinzer did 
quantitative work of an arithmetic nature in 
his early field studies, but his great work was 
the organization nf the totuiibuiions of men 
in various sciences and Incusing them on die 
study of ground water. Meinzer could also di- 
gest the work nf many genlogisii and recapit- 
ulate it. This was a great gift. 

Horton took the raw data fiom hydrology 
and tried to establish a quantitative relation 
between them, empirical, if need be. He de- 
scribed his outlook in his paper in this same 
first meeting of the Section of Hydrology: 
“The Field, Scope, and Status of the Science 
of Hydrology." He synthesized the quantita- 
tive studies nf himscll and others with regard 
to surface streams in his last contribution, 
published in the ttullrtin of the Geological zone- 
ly of America: "Eniskma! Development ol 
Streams and 'Their Drainage Basins- Hydro- 
physical Approach to Quantitative Morplto 
gy." I received from I Iorion a separate copy 
or this {taper, with it request for comments, a 
Few days after his death. 

John Bredehoeft lias given some dales re- 
garding the theory of transient ground** 
flow. I myself am struck by how the theory o 
groundwater movement has advanced by 
pulses. In the Gilt decade of the last ce / 1lu ^' 
Darcy round, by careful experiment, the na- 
ture of flow through filter sands, but a PP? ’ 
ently refused to apply his "law" to natural 
tesian flows. Dupuii, in the same decade, ex- 
tended groundwater study by making e 
grand assumption that natural water-bea 8 
formations were uniform and amentj bw 
the same law. 1 have often wondered t 
may have looked at more sandstones m 
Dupuit. Near the turn of die century, 

In this country and Forchheimer in 
were doing their theoretical work, * nd . 
ther Thiem was applying Dupuit s w0 ^. 
groundwater exploration. At least in in 
country, die fourth decade of this « n 


Limiting iu9 tuuiusuiv w- - - 

in Nebraska and other tests else wh cre ’ . ^ 
papers on the transient cone of depres 
were published in 1935, 1938, and M I ■ ^ 
man’s “Ground Water" and Muskats 
Homogeneous Fluids Through Porou 

dia" were both published in 1937. Ft 
King HubbertVThe Theory 
ter Morion" capped the decade, in m 
than one, in December 1940. . r i lM i a 
Finally, 1 must tell John Bredchoe ^ 
young fellow who thought more or 
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Horton, and had O. E. Meinzer as a boss, had 
some difficulty in getting his ideas across. 
Meinzer certainly had no conception of the 
need for a transient theory of the cone of de- 
pression around a discharging well. My first 

K on rite transient cone included a cnrol- 
iving a method of computing transmis- 
sivny from the recovery of water level after 
discharging a well. Meinzer told me 2 years 
or so after publishing this that my "so-called 
corollary" would prove to be the only valu- 
able part of my equation. Some time before, 
he told me that lie didn't like triy “deductive 
dunking.” David Thompson had been both- 
ered for years by the hysteresis loops he had 
observed in the water levels near the pump- 
ing wells at Atlantic City, and he probably did 
believe in some sort of transient theory. He 
was very hoppy when I sat in his office one 
day, and after he had made some generaliza- 
tions about the nature of rite aquifer and 
some estimates of seasonal pumping, 1 gave 
him slide-rule figures that snowed the same 
hysteresis loops. 

However, I must hasten to add that a few 
years later, and after C. E. Jacob had been in 
the Washington office a liule while, Meinzer 
could commend in prim my “pioneering” 
work on the transient theory and later would 
ask me to write rite quantitative chapters of 
the (ext on groundwater he had started to 
write at the rime of his death. I was much 
more fortunate in this respect than King 
Hubbert, whose ideas about movement of 
groundwater, much more revolutionary at 
the time than mine, had even more difficulty 
in becoming accepted generally. 

In trying to recall the events that occurred 
during Robert Horton's years, little time is 
left to talk about the facets of groundwater 
science that occurred after the effects shown 
by tracers and contaminants forced the study 
of transport in groundwater and forced a re- 
evaluation of the natural medium in which 
groundwater occurs and in ways of dealing 
with the new phenomena. 

We should note, I think, that the study of 
the transport of solutes in groundwater flow 


repeated the beginning of the first study of 
groundwater movement. I n the last century, 
Darcy studied Row through porous media in 
the laboratory. Dupuh assumed without any 
proof t hat Darcy's law could be applied to 
natural groundwater systems. In the study of 
transport, work was also begun in die labora- 
tory by students of Harold A. Thomas at 
Harvard (a former recipient or die Horton 
Medal) and students of David Todd and the 
late Warren Kaufman at Berkeley, Calif 
However, when the latter investigators 
turned to the field, they and contemporary 
and subsequent investigators found that the 
field dtspersivities were a few to several or- 
ders of magnitude greater than those found 
in the laboratory. 

Thus we came full circle from the assump- 
tion of homogeneity that had been used for 
100 years to the demonstration that heteroge- 
neity characterized all known water-bearing 
formations. 

Perhaps we can recapitulate the history or 
some of the hydrology we have mentioned 
here by a couple of quotations from Robert 
E. Horton. First, from his paper at the first 
session of the Section of Hydrology: 'The 
shatteringof ancient idols of belief by rite 
iconoclastic methods of experimental re- 
search has left science chary of accepting as 
definitive knowledge anything that has not 
been tested quantitatively and then checked 
and double-checked.” And as a valedictory to 
end his last published paper: "It is also hoped 
that the reader will find stimulation to fur- 
ther study and research." 

C. V. Theis 

AGU Membership 
Applications 

Applications for membership have been re- 
ceived from the following individuals. The 
letter after the name denotes the proposed 
primary section affiliation. 


3 1 st Pacific Northwest 
Regional Meeting 

September 7-8, 1984 
Oregon State University 
Corvallis, Oregon 

Convenors: Robert A. Duncan Shaul Levi 

Abstract Deadline August 1 , 1 984 

(Call for Papers was Published In Eos, June 12) 


For information on the abstract format 
or other meeting logistics contact: 

Meetings Department 
American Geophysical Union 
2000 Florida Avenue, N. W. 
Washington, D. C. 20009 
Telephone ( 202 ) 462-6903 


Regular Members 

Andreas Angctnkis (H), Trevor F. Baker 
(G). Jim Barnard (A), Edward Erlich (V), 
Timothy B. Flagler (T), Long-Slicng Gan (S), 
Ruth M. Gove (V), Roger L. I lughcs {()), 
Bruce R. Kovac (H), Craig D. Martin (H), S. 

I. Mnlisin (V). 

J. S. Ojo (V), Anthony E. Scuvillc (A), Go- 
pikishnn Semi (V), Kars ten M. Sioreivodi 
(GP), John Trowbridge (O).Juu E. Van Ilinte 
(O), Neil H. Whitehead (H), P. Steven Young 
(HI. 


For program Information contact: 

Robert Duncan 
College of Oceanography 
Oregon State University 
Corvallis, Oregon 97331 
Telephone ( 503 ) 754-2296 


Student Status 

Ahmet Tevlik Argudcn (T) t Sharon Under 
f 1*3, Jean-I’aid Rmivci (S), Ivor Hugh Cairns 
(SS), DcWaync Cecil (II), Francisco Chavez 
(O), Car] W. Kberliiig (V), Janies C. Evans 
(O), Stanford Hunker (O). Bruce M. Hnwe(O). 

David A. Kellogg <S>, Cnllicrine Lcser (H), 
Elizabeth C. Rich (O), Kirk Kiindlc (S), Susan 
K. Spence (S), William J. Tuylor (S), Freder- 
ick J. Tenbus (11), Bern and G. Theiiveny 
(H), Gary A. Tinmen (S), Robert Ward (Y), 
Chong- Rung Wn (Ok Andrew Zailury (SS). 






programs in llte United Stales, Canada, and 
die Federal Republic of Germany. The objec- 
tive of i his special session is io provide a fo- 
rum for the exchange of detailed information 


□on 



SANFRANCISOO^^ 

ASLO WINTER MEETING! 

Session Highlights 

Atmospheric Sciences (A) 

Chemistry of the Global Atmosphere 

Papers are solicited on the processes ih&i 
nirol the chcmisiry of the global auno- 
pnere and ihe connections between global 
tnh° , ,P' ICr ^ chemistry and climate. Tropo- 
pnenc topics of special Interest are biogenic 
°* atmospheric chemicals, tropo- 
pnenc photochemistry, heterogeneous reac- 
ns and removal processes, and long-range 
*pon and global distributions of various 
aim C1CS i-^ 0nir ’“ u, ' ons are al*° sought on the 
«mospheric components of biogeochemical 
and >' 1116 re ^ri°ttships between tropospheric 
relev* ra 103 ^ e . r ' c cheniisl ry, and dimate and 
deve| 3nl ex P er ' menL al research in instrument 
and yj^”. cnt an£ * laboratory photochemistry 

A .^r onveners are R- cicer ° ne and r - 

iinHer also be a spedal half-day session 
titled «ru n ? I , str y of Global Atmosphere, 
S hC -? A5A GT&CITE Project. The 
ronv «ier will be Robert J. McNeal. 

Acid Deposition Modeling 

Jir cen ,‘. as dtc likelihood for regu- 
hroning atmospheric releases of 
able f»i ni, P8 pollutants increases, consider- 
re m * las devoted to the cur- 

model;,! 6 ^ knowledge on add deposition 
cal Proc«J. h r Wre , modeiin 8 of the physi- 
fioii .^ le transport, transforma- 

ine era. ^Posh'on of adds hud acid form- 
rescarrh UrS ^ I l * 8 essen dal, both for further 

P^nblar n t?/ 0 ri r , rC P laiOry a pP licalio r n8 ' In 

model* J' lhe deve lopmem of state-of-the-art 

^ponen^onh 1 ™ 1 -?. reCQ 8 n ! zet ! cr ! tical . 
r nt of the acid precipitation research 


on nil facels oT acid deposition modeling. 

Papers are solicited dealing with represen- 
tations of source fiinc lions, plume transport 


and dispersion, chemical iranslurmaiMi, 
long-range transport, atmospheric scaveng- 
ing, numerical techniques, sensitivity and un- 
certainty analysis, concepts and techniques 
for model validaiion. and model applications. 


Every effort will be made io establish a bal- 
anced program with contributions from em- 
pirical. Lagrangian, Eulerian. and statistical 
approaches to acid deposition modeling. The 
contents of these sessions will focus upon the 
complexity, successes, and failures in model- 
ing individual physical processes, as well as 
riie overall integrated regional acid deposi- 
tion models and long-range transport models. 
Tapers on the role of nonlinear chemistry or 
contrasting linear and nonlinear chemical 
representations are especially welcome. Se- 
lected overview and a few papers of general 
interest will be invited. 

Please mail the original plus two copies of 
your abstract, in standard format, to AGU 
and one copy to the convener, Julius S. 
Chang, National Center for Atmospheric Re- 
search, P.O. Box 3000, Boulder, CO 80307 
(telephone: 303-497-1680 or 303-497-1681) 
by the September 12 abstract deadline. 

Mesoscale Convective Systems and the 
STORM Program 

Convective systems which span the meso- 
scale and interact with the larger synoptic 
scale flows dominate our nation's significant 
weather. The national STORM program is a 
national community effort to marshall the re- 
sources necessary to effectively study this 
weather and to improve forecasts. STORM 
will focus, in separate years, on the unique 
weather problems of the central, eastern, and 
western United States, In addition io docu- 
mentation of significant weather and its pre- 
cursors, STORM contains a parallel track in 
which new forecast concepts will be imple- 
mented in real lime with the special observa- 
tions provided by STORM. Contributions to 
this session are solicited which deal with ibe 
observation or theory surrounding mesoscale 
convective systems, rapid coastal cyclogenesis 
and rain bands, and other significant meso- 
scale weather. Contributions may represent 
case studies, theoretical analysis or these sys- 
tems, their component parts, or theif interne- . 
lion with laiger scale Bows. 

The convener will be Peter S. Ray. 

El Niilo, The Southern Oscillation, and the 
TOGA Program 

This session will be an interdisciplinary dis- 
cussion of El Nifio and the Southern Oscilla- 
tion, as they are presently understood, with ; 
emphasis on hbw new. knowledge might affect 
the evolving design of the TOGA (Tropical i 


Ocean Global Atmosphere) iirngrain. Papers 
will include atmospheric and occniiogrnpliic 
aualvscs. as well a.s model results and hind- 
casts of recent events. Own lihui ions that ad- 
dress the much-siudied PJH2-1983 event in 
light uf the historical record will be solicited. 
Papers displacing particular motivation and 
locus in the design oi an effective ubserva- 
lional program for TOGA worldwide will be 
encouraged. Scientific discussion of inicran- 
nual climate variability as it is (or may be) af- 
fected by Atlantic Ocean phenomena are ol 
particular interest, as well as those aimed at 
the I ndo- Pacific region. 

The convener is J. Michael Hall. 

Hydrology (H) 

Isotope Techniques in Groundwater Tracing 
and Age Dating 

There is currently an expanding need for 
quantitative definition of groundwater (low 
paths, travel times, paleohydrologic condi- 
tions, and related long-term aspects or 
groundwater flow systems. Much of this need 
has been prompted by regulatory require- 
ments for high-level nuclear waste reposi- 
tories, toxic waste disposal sites, and ground- 
water contamination problems. Additional in- 
terest is associated with studies of mineral 
deposits, pal eo hydrology, and long-term wa- 
ter resource planning. 

Research activities in recent years have pro- 
duced significant advances in the technology 
of radio- and stable-isotopic techniques for 
tracing and dating groundwBter. Develop- 
ments have occurred in standard techniques 
(such as carbon 14) as well as new methods 
(such as chlorine 36, uranium aeries, and oth- 
ers). 

A special hair-day technical session on this 
subject is being sponsored by (he Groundwa- 
ter Committee ol the Hydrology Section and 
the Volcanology, Geochemistry, and Petrolo- 
gy Section for the annual fall meeting of (lie 
American Geophysical Union in San Francis- 
co, Calif., on December 3-7, 1984. This ses- 
sion will emphasize new developments and 
field applications of these methods and will 
include both Invited and contributed papers. 
Abstracts, in standard AGU format, should 
be sent to Hans C. Claasseu, U.S. Geological 
Survey, Water Resources Division, Mail Stop 
415, Box 25046, Denver Federal Center, 
Lakewood, CO 80225 (telephone: 303-234- 
21 15; FTS-234-21 15) by August 15. rite spe- 
cial session deadline. In addition, the original 
and two copies should be sent to Full Meet- 
ing, American Geophysical Union, 2000 Flor- 
ida Avenue, N.W., Washington, DC 20000, 
by the September 12 abstract deadline. 

Solar and Interplanetary Physics (SS) 

SMM-2 is going to emphasize solar-terres- 
trial relations, and new results are already in 
hand. D. Wood gale will give an overview of 
SMM repair and science, followed by invited 
papers from each experiment team. There -. 


will also In- .in ussntintcil •qterijl pnsict ses- 
sion on SMM ;itn1 I eluted results, es{ieciiill\ 
those with interesting images ;uul visuals. 
This session is mg.ini/ed bv S. T. huess. 


Announcements 

Chapman Conference On 
Solar Wind- 

Magnetosphere Coupling 

Call For Papers 

A Chapman Conference on Solar Wind- 
Magnetosphere Coupling will be held ni the 
California Institute of Technology, Jei Pro 
pulsion Laboratory, on February 12-15, 

1985. A major goal of solar terrestrial physics 
is to understand how ihe solar wind transfers 
energy to the magnetosphere and the degree 
to which the interplanetary plasma and mag- 
netic fields control internal magneto spheric 
processes. The late 1970's and early 1980's 
produced many new observational data sets 
and theoretical tools Tor investigating these is- 
sues. In particular, the recent IMP, ISEE, 

DE, GEOS, and DMSP missions and ground- 
based measurements in conjunction with the 
International Magnetospheric Study and 
NASA Solar Terrestrial Theory Program 
have made important contributions to our 
picture of how the magnetosphere interacts 
with die solar wind and channels energy to 
lower altitudes. 

The purpose of the conference is to focus 
attention on the solar wind-magneiusphere 
coupling problem, to provide a timely forum 
for the exchange or ideas, and to promote in- 
terdisciplinary collaboration between the vari- 
ous solar terrestrial investigators and their 
data sets. Toward this end, the topics to be 
addressed by the conference will include sta- 
tistical analyses in solar teiTestrlal physics, 
geomagnetic indices and their predictors, re- 
sponse of magnetospheric boundaries, cur- 
rent systems, and plnsmns to interplanetary 
conditions, iheorctkal/experiinenial coupling 
functions, and applications of numerical sim- 
ulation theory. 

Format and Abstracts 

The conference will lasL 3 i/2 days and 
consist or tutorials, invited reviews, contribut- 
ed papers, and poster talks. Presentations ' 
from all points of view on Lite coupling prob- 
lem will ue encouraged. No parallel sessions 
are planned. Tours of the J PL spacecraft fab- 
liau ion, testing, and conirol/l racking facilities 
will be available during the course of the con- 
ference. Information on plans for a confer- 
ence proceeding will be available at a later ' 
date. 

Meetings (coat, on p. 438) 
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All who are interested in intending and in 
receiving laler information circulars should 
write to Sular Wind Meeting, AGU, 2 Odd 
Florida Avenue, N.W., Washington, DC 
20003 {telephone, toll Free: 8tMMH4-24lMJ, «»r, 
in the D.G. aTCti, -102-6003). For more infor- 
mation on the scientific program contact (lie 
convenors J. A. Siaviu. Jl’L, Caltech, Mail 
Stop lfi9'5(JG. *18nn Oak Grove Drive, l’usadc- 
na, CA 91103. or V. Kainidc, Kyoto Sangyn 
University, KLin-Kti, Kyoto 603, Japan. 

Abstracts should Follow the standard AGU 
format outlined sis. published in £oi, July 3, 
1984. There will be no abstract charge. All 
abstracts should be sent to Solar Wind Meet- 
ing, AGU, 2000 Florida Avenue, N.W., 
Washington, DC 20009. The abstract dead- 
line is November 1, 198-1- 

Program Committer. D. N. Baker, I-os Ala- 
mos National Laboratory; S. W. H. Cowley, 
Imperial College; D. A. Hardy, Air Force 
Geophysical Laboratory; Y. Kaniide, Kyoto 


Snngyo University; J. H. King, NASA/God- 
dard Space Flight Center; L. Lee, Universit 


dard Space Flight Center; L. Lee, University 
oF Alaska; R. L. McPhcrron, University of 
California, Los Angeles; P. H. Rciff, Rice 
University; G. Rostokcr. University of Alber- 
ta; (». L. Sixoe, University of California, Los 
Angeles; J. A. Slavin, JPL, Caltech. 

Student Travel: Limited funding is available 
to support student travel expenses. To apply 
for a travel grant, write or cull AGU for a 
travel grant application form. Deadline for 
travel applications is October 15, 1984. 


Municipal and Industrial 
Waste 


Sept. 10-12, 1984 .Seventh Annual Madi- 
son Conference ol Applied Research oil Mu- 
nicipal and Industrial Waste, Madison, Wis. 
(Philip U- O'Leary, Dept- of Engineering mu! 
Applied Science, Univ. of Wisconsin- Ex ten- 
sion, 432 North 1-akcSt., Madison, W1 
537 0G; tel.: 008-202-0493.) 

The lati-sl developments in laud dispusal 
will be featured at the conference, which will 
be of interest to engineers, geologists soil sci- 
entists, and other specialists involved in the 
design, operation, and nciToi inancc evalua- 
tion of solid and hararnmis waste dis]M>sal fu- 
tilities, industrial and inmiitipal wastewater 
land application ami disjmsal systems, sludge 
spreading systems, and other types of appli- 
cation and dispusal systems. 


Arctic Water Pollution 


j 


p- , Th „ r ounc i| meeting was held in die glamorous Hall of Mirrors at the Nether- 
ijfcta u ftSfiraT AtaKfe. U*. will by GIFT Fund Cochainran, Charie, 


Fie. 2. Marcel Niculct expresses his 
ilia nits and responds to the citation given 


him as the 1 984 Bowie Medalist. 


Whitten. 


GD4I-02.J. G. Negi cl a!.; GD41-Q7, G. E. 
Thobe ct at; GD4 l-l I, S. Hammer and W. 


R. Guniert. 

GPU-04, M. Purucker; GP1 1-12. M. 
McWilliams and S. A. Shaver; GP 12-08, D. 
Rankin and F. Pascal: GP2I-04, J. C. Liddi- 
coai; GP32-15, D. C. Mishra. 

H21A-01, J. E. Houseworih; H2IA-10, J. 
B. Czarnecki; H3IB-09, A. D. Gupta; H32- 


07, G. Padmannbhan and A. R. Rao; H4 1-05, 
M. Hauhs and R. R. v. d. Ploeg; H42-15, C. 
L. Amos. 

021-09. R. Gcyer and J. D. Smith; 031A- 
05. P. Pistck; O32B-05. D. C. Smith. 

PI 1-09. J. Tarncy ct at.; P22-01. J. A. 
O'Keefe; P22-03, W. L. Brown cl. al.; P22- 
04. I. D. Garvin. 

SI 1-13, G. H. Simon ct al.; S12-07. F. Ta- 


prel (ml nary results fron th* Eryaj limit'"* INrmlwl. 
Four alias f«n different itratrlgraphic levels et 
, single lection et Anchor Due yielded Mall clustered 
■lthln-Ute directions Foilwing AF or thermal 
demagnetization. The Site wan directions clustered 
less veil, tut were highly moral ous In decllnetlon. 

A possible explanation for the anomalous declinations 
Is a large (about 90’) cloelnlsa tectonic rota Mon. 

To test the rotation hypothesis, 59 Chugwter 
samples were collected fron 8 Owl Creel sites. The 
sites «w located along the Owl Greet s east-west 
strike, and Include sites from the Anchor tom locality. 

All simples were the really demagnetized in stepwise 
fashion up to or beyond 685 'C. A high temperature 
characteristic direction was present tn all samples. 
Within site directions clustered well. SI te mean 


directions also clustered wll after correction for 
tectonic tilt. Tha paleanawetlc pole lies et 52 N, 
116’E (»■#!, dp-6,1', dn-T,?*). This pole Is virtual 


llS’E (k-61, dp-6,1’, dn-T.J’). This pole Is virtually 
coincident with other published Chugwter poles. 

The test for tectonic rotations In tha Owl Creel 
Mountains Is clearly negative based on these new 
Chugwater results. The origin of the anomalous 
declinations observed In the Ervay Limestone at 
Anchor Dan remains unexplained. 


SA22-0I, S. P. Zimmerman anilT. J. Ken- 
eshca; SA22-05, 1*. Piikryl et al. 

SMI IB-02, A. K. Sharma and V. K. Tri- 
pathi; SMI 1B-0S, M. McKibben ct al.; 

E. ... n p ci (nor 1 i e i 17 


SM22A-I I. C. S. Lin ei al.; SM22C-I6. J. E. 
Rnrovskv: SM22C-I7. T. G. Forbes antf E. R. 


Borovsky; SM22C-I7.T. G. Forbes and E. R. 
Priest; SM41C-I9, K. Watanabe et al.; 
SM42B-I2.J. K. Olescn ei al. 

T22A-0I, B. J. Collette et al.; T22A-1 1, W. 
R. McCann and R. E. Habermann; T22A-I3, 
O. O. Baba loin; T3I-I0, W. T. Brown; 
T32A-03, H. P. Johnson el al.; T32A-04, M. 
Holmes ct ul.; T32B-I0, B. K. Smith. 

V31A-05, C. |. Allegre and D. L. Turrotlc; 
V31A-13, J. J. Mahoney; V11A-0I. P. R. 

Vogt and N. C. Smoot; V41B-06, C. R. Stern; 
V42A-0I, M. J. Drake et al.; V42B-03. S. V. 
Raman. 


April 28-May 1. 1985 Iiitcriuiional Con- 
ference on Arctic Water Pollution Research: 
Applications of Science and Technology. Yel- 
lowknife, Northwest Territories, Canada. Or- 
ganizer: Canadian National Committee, In- 
ternational Association on Water Pollution 
Research and Control. (K. Charbonneaii. Na- 
tional Research Council of Canada, Montreal 
Road Laboratories, Onawa Kl A OR6, Cana- 
da; tel.: 613-993-9009.) 

The deadline for submission nF abstracts 
(maximum 250 words) is September I, 1984. 

The conference will provide an opportuni- 
ty Tor scientists and engineers to examine the 
distinction features of water pollution in cold 
regions, to consider what is known and what 
are some areas or ignorance concerning the 
ecological and human health aspects, and io 
exchange information on monitoring, man- 
agement. and remedial operations connected 
with pollution in waters near (he freezing 
point or ice-covered, in permafrost, or in ice 
masses. The program is tentatively divided 
into the following sessions: sources, move- 
ment, and accumulation of pollutants in the 
arctic environment; interactions between pol- 
lutants and the abiotic arctic environment; ef- 
fects nn arctic biological systems; pollution 
prevention and control under arctic condi- 
tions; and management and information for 
decisions. 

Several fieltl trips are planned during and 
after the conference. 


. U .8 .-Japan VLSI Tm tj6».»rvoe1i>n 


Horlvu«.l KaiHuchl (Radio fosearch Laboratory IHRL), 
Kashina, Japan and tha R3L/UASA Joint Ezparlnont 
Group) (Sponsor: L. Wjltar) 


Fallibility of Gravity Grid lint Heasuraninc s 
Froa a Taihsrsd Submslllte Platfon 


Meeting Report 


1984 Spring 
Meeting Report 


E. C1JLUUJM 

II. D- t.FOS&[ tyEinaid-Sillhionlan Cntar for 
Attrephvsle*. Canhridgo, Haas. 0JI3B1 
f. mut'-l MFSI-CMl, F me at l, Italy l 
ISponior-. L. S. Waller) 


zUlhough attendance was down at. the 1984 
Spring Meeting, Glncimtuti was found to lie 
an ideal site to huh! a convention- final atten- 
dance was 1533 with approximately 1 10U pa- 
pers presented. 

Changes to the 1984 Spring Meeting pro- 
gram iiikI additional, late, ami rcvUed ab- 
stracts are printed below. 


InMnoenta In o teiharcd lubiolel Ills deployed 
doanuiidt froa the Itullle Hill bt oblo to porfon 
gravity gradient ocaturrxenn frou htighti al low a« 
17u to 130 ka for oxtendad periods of tiro. A 
graJiwilrr with 10‘ J to tU" * EU“’i sensitivity could 
achLcis, Iron that height , Hiasurnent throsholds of 
specific loismt to tUSV grodynoalcs nisi Ion goal,. 

The Jjnanlc (ac, el oral ton) nolso caperiencrJ by 
the lubiatelllio Is far higher thin In a free flyer. 
TMs nay negate the advantages of the Ion altltudo. 
h'e old currently trying la biIIhoii (he nolsa 


t-nvlrvnmnl rorc precisely and to ilovlie oathoJi for 
nltigallng tho effctU on tha knstnaienla. 


Papers Not Presented 


U 12-04, R. J. Cicerone. 

A3 1-08, P. J. Lebcl el al.; A41-08, G. W. 
Adams el al.; A4I-09, J. W. BrosnahHii et al.; 
A4 1— 10, S. F. Nerney and Cl. W. Adams; 
A42-Q6, A. W. Hogan el al.; A42-07, M. 

Reynolds and J. E. Overland. 

G41-11, M- A. Slade et al.; G42-09, E. W. 
Schwidcrski. 

CD22-11, C. G. Qliase and D. R- Spraut; 




toiijTitn^mMi^TiniuxnDinarjiir; 


HAR6UET HOQHEVi CHAO KcCME . and RQS YAh.OER TOO 
(ill it: Dapt. of Geological Scicncts, Vnl varsity 
of Hichlgin, Am Arbor, HI 6&1H) . |l . 


A palMwgneife tan for lee tonic rotations in 
Vyontsj’s M Cfotk MowUlni was surges led by 1 




diaaolve to fora a pluma or canlaalnaced water, in 
onvolopo or organic vapor uj algo ton la tha pen 
■pace surrounding the Infiltrating organic pfana dua 
to the volatilisation of light coaponanta. 

Pravlous BOdallng sffarta have focuisd prlrirlij 
on the description ol tha Big ration of ths coatn- 
Inatod pluna. A mora cosprehonsive, ■alttphsge . 
approach can be devalopod, howsvor, which la cap- 
able or code ling tho moveaent of tha organlt in tU 
throe fluid plinsoai gaa, water, ond noo-oqueoui 
liquid. Tha atartlog point la r ibis approach Ii 
the dovolopaont of guvornlng equation* froa basic 
microscopic doss bolooca iswa. By the appllcattcs 
or voIubb averaging theory and tha uae of various 
physical approx loot Ions and ensutDpt Ians, a aystB, 
of nonlinaor partial dll fo rent la L aquations gevsn- 
lng the naaroacoplc By s ten con bo derived. Bola- 
Llona io those equations ere obtained by a Units 
dlffersnca dlactotlxstlon scheao and a Nauton- 
Baphson Itoratlon technique. Application of this 
Bashams t leal nodal requires detailed knowledge of 
BOtrlx sod fluid properties euch as relative psr- 
Beabl lltlsl, capillary-preBoure relic Ions, dsnal- 

tlee, and dlaperslvltlea. 


5P11-11A 


ft Late Silurian PalEomaonotU Pole fro” llragtong 
Boefi of tha Wabash Fh., Indiana, uTTj! 


T RAN 8 1 EH T MOVEMENT AND TRANSfOlWATlOH OF 1S30UILE, 

■ fflmB LE. AMD lifcsfauS c apboH ih soil heir vtiri 

3ATURAT10H 


CHAD HtCABF. ROB VAN DER V00, BRUCE HILEIHSOH. and 
HTBEEPTblvANEY (all *t: Dept, of Geological Sclencei, 
University of Michigan, Ann Arbor, H] 48109) 


A.H. Anaelabla IFeglonol Agriculture! Servlet el 
Crete, HloLacry of Agriculture. GREECE I 


A precision wery long bssollna tnisrleroaetur, 
the K-3 lystll, has Less order duvelopaent since 1919 
In accordincv with tho fl«e-year plan of the Radio 
Research Uboracorlsi. It le deslgntd to be conpa- 
Ltble With the H-lV-1 II srstpa of MAi\ lor ufo In e 
U.S.-Jap,n Joint Veelflc Pine retlufl rnpcbml. Ths 
K-3 ayatea, cuoslstlng ol hard-sr. uul Mltvtrs, u»» 
alcost nipl«r,l at the ond ol Scpl-iSar, IW1. -nJ 
various L„ts luia ts.n c.1, as tn* fine', phi*-. 

The ).(}»■ of ths test Dh,urvs:lan is to dutccL 
fslnja* to chock ov-r-lll sysiso pnrforasnce of the 1-3 
■yBLen ond eaapsilbllliy with tha Haro-Ill in pro pa ra- 
tion for Initial Ion of piste tectonic stadias this 
tucker. Tha observation was cade for about two end s 
hall hours froa 10 H 0D H to 22 H 31 n LTC on Nov. 1, 
I9U3, by three atstlom KashLcs, Hojivo Ease Station 
and Owens Valley Radio Observatory. Signals froa threa 
raJlo sources, 3CZ73B, 30 VS and V 01.11, ware alter- 
nately rrcotied six tlces chmughouc :h* tloe ti 

obsacvsclon; aaaplod digltaL data fro? r. vLdeo slgnall 
(or A-UanJ eod chose froa ala video signals tur 3-Band 
vara meordrd on 14 rracks of thv cape. 

Dr.ts proceselng was nadv by F.-3 ciresletto., 
proraasor nc the RP1. nod also by HarL-lll correlation 
preceaaor at Ha /Stack Obssrvatory, Indacii.idducly, ar.d 
both de Levied feingos, Ths raaulc *h>.l tliac nvaaure- 
oent preclatcn or the Internal error in ilia rest la 
batter that 20 ca for X, Y and Z casponent, for 
dlslanca, and baiter than 1 nano-see for clock 
aynch ron I xac l on . 

Thus, U is coni tried that the L-l ran expected 
purfarnsnea and goud conpatlbillcy with the tUrk-lll 
e/atss. In aucceselon to tno first rear , vs n.,Ja 
corn precise expirlr.ancs uf 24-hour abaervatlon using 
13 radio sources Ln J:wr, sni Fibrutry ISd',, 

Anslysl* for tho dacunluac .un u f ■ cz* pi Turn tars U 
■lev being mode. 


A new Late Silurian pale hss bean obtained from 
reef limestones of Ludlovlan ago in central Indiana. 
Only It s lies of 24 collected yielded wall clustered 
chdractirlstlc directions after stepwise AF demagnet- 
ization. One additional site gave a non-present field 
d l roc. Mon after remagnetl ration circle analysis. 

These 1? site directions »erB used to calculate the 
paleciijjnelk pole. 

Beef Mank beds dip severly (up to 45°) away 
from l he reef cores. E«tenslve Meld and petrographic 
studies hare shown that part of this dip Is primary, 
depusllional dip, and lhat part Is dua to early posl- 
deposlllonzl differential compaction of underlying 
shale/ bed,. Orientations or geopalil surfaces 1149) 
observations! show that the post- depositions! component 
of the present dip angle is 12V We applied a 12’ 
tilt correction to paleoisagnatic directions from oast- 
dipping, and well-dipping flank beds for a fold last. 
The dlpha-95's overlap after, but not before the lilt 
correction Is applied. Indicating lhat tho magnet- 
ization was acquired very early, before shale compact- 
ion. An early acquisition or magnetlrailon is also 
suggested by the presence of both normal and reversed 
polarity zones. 

The naan of the site palegmagnetlc north poles 
{flank beds corrected for 12’ of posl-daposl Lionel 
tilt) Is I7’H, lZS’E (K-75, A-95-5.0’). This pole 
lies near the Rosa Hill pola {French and Van dor Voc. 
1979), and tends to confirm Lhat result. 


D.E. Bolston (Dept. of L.A.V.B. 
California, t'svlm, CA OSblbj 


Unlveriily »f 


Tha transport and iron* formation of lh, “ 
C-epaclea llnioluhla, aolublo, and giiaoul) In «*U 
war* aathaastlcslly danerlbed a* luoctlone of daplb nt 
Elm, sublact to Intervale ol (i < I ' l i ,nd l JL * 1 7 
I , where c, eafere to rlma ol spplUotleo « 
InSElubla and/or soluble C. Convactlva and convaftlrt- 
d lepers I vi cranaporc for the llrst *nl aaccnd C-spailvli 
reapactlvaly , gai-dl f tuition for tha third 
f it* c-ordar kina tics aa a tranrornsilonal 
wera assuead. Linear ada u rptlon liotharW 1 * 
first two spocies and s eonelaM ga»-aolublUi» »>■ 
also OMumad. <_.mbln*d analytical and 
■olutlom of ihrao touplad fonlal dlffeienllil * 4 ' 
t Ions ware developed. Hut nuoorieal model “* * 
study tha microbial m Inara 1 1 rot Ion >’l organ 1 ' 


formed under s hlnphanle »clioir.a by applying « 

.,11 - 1 1 cotunn*. Dtstllbvtien 


wastawatar affluent 10 lupaull ccluons. 
of tnaolublo £ concanc rai I»im ware steursisly pr»a 
psr.lcul.rly -t large elm... On the art.. ^ « 
soluble C protllaa wara more atcur.talv pradltlr 
anrly times and shallow depth, than lor , 

Large depths. Fitted gaaaous diffualen " ,f 1 
war. raqulr.d to daacrlha the manured (®; P 


large depths. Fitted gaaeoue dll meson «... 
were required to daecrlha the meeiurad CO, P 
inetaad of thni. uaasurvJ In the ’ J ..,,,,1 

columna. Gaaeoue C prufiloB war* eecutetalv P**' 
eapac telly sc wsrly lima, siul shallow depths. 


TOW 


OTJR-OfvH 

Baoionnl Production on Geo rpss Bank sod ths Culf 
Heine u(th nr rr HY-‘-"B , ’P h1 ' 


A Separation ba tuner, the Potstsceal Axse of tho Coze 
snd the kintlo ar.d its elm If leasee in ore Pynaao 


Heine with Eelnrcntc 
Control I Inc Fro-iur t on . 


G. Z. 01 and J. T. KUO lAldrldqe Laboratory of Applied 
Geophyelca, Henry KruaB School or Hlnee, Col'jmbla 
Unlveriily. Hew York. H.Y. 1Q02?) 


C. E. YENTECll (Blfiolov Laboratory f« 0e '“ 
Bclanrte, W. boochbsy llsrbor, Mains 04J79) 

, ... RT -„ld B d S *•»« 


Ha found the ablution of the separation butwvon the 
rotational axes of the core and tha mantlo due to the 
earth', prece.iton. The result, ehovad that tha devi- 
ation of tha rotational direction r,f tho core with 
reaped to tha rotational ill recti on uf tr.o msr.tla use 
about 1.5 minute., and chat tha rotational uxt. of Ll.o 
core should prace.. .round tha rotational axis of the 
mantle al slmoet ease tele a. that of tho luntlo n round 
the aollpltc pole. 

The el^ilfloenca of each a distinct aoparatlon bol- 
ween the ratatlanal axe. at the core aivl the mantlo was 
inva.clqit.d. The primary result! are. ill The niaqnl- 
tuda of tna work of tha coupling force impo.ud on the 
core by the untie 1. about 6. 35 x I0 11 Joulaei thu 
corresponding work aflicLaricy le about 0.M < 1O 10 
Joule./eec. This 1. about the am order of magnitude 
se that of the efficiency of tha aatlmtsd GVuelc decay 
in the core. 12) Thera exist two ctnponente of the 
toroidal naqnetlc field in the fluid core. Their In- 
tensiciae. estimated on the ba.Li of the balance bet- 
ween the sechanlc and magnutic torques, are about 8b 
Gauaeee. One coo^onent has sn axle which orlante alone 
the direction of the polar axis of the mantlo. and the 
other Ui an axle which lies on the equatorial plane 
of the mantle. Theia wapensnta will Induce reepectlve- 
ly e dipole field of tha axle -orientation and an equa- 
torial dipole field. Thla I. tha reason why tna ani. 
of the qecniqnatlc field tilt, with respect to tho goo- 
graphic axle. 131 Tha pracaxslon of tha rotational 
BXls ot the core around tha qaogiaphlc axle maJcee It 
paealnle to understand why the axle of tha geomagnetic 
field precisian around the geographic rule. Therefore, 
a baa it understanding of the separation or the rota- 
tional direct Iona balwoen the mantle and the core may 
qlva a clue to tna behavior and genaratlon of the 
Earth* ■ oaqnotla field. 


Satellite thermal imagery hse R I " V “* 4 M J m 

for eat luting am., of the Gulf ot Haln “ -, b , 

unit rat If tad during tho spring eei 

whan the Holer radiation le »t a aexlnu . 


whan tha bo lor radiation la nt * *■***“ ,1 

ares, occupy about 30* of the region, Tho F* 


area, occupy about 30* or tno rag*®"- * . „ 

Morgy nnceHBnry tn kosp theeo arB1 * _ . .,_,j 
opposed tn tliu utrntLflad vecdr ca»*ee ft. 


to bo dart vail primarily Trom tU»l fo . . ' o5ll i 
mlu-u 1 rnti , ..co rl-h In ^ 

and eatioiotaa nra lhal tlio pri“SFJ Pjo 
for nvei WS of M*. 


thane aronn eccounta for over W,. o . -, |B 
during the yuar. The CZCH lugory b* 10 . gai 


rolntlonehlp belwoon nurrare w tf,, 

pigunt. George a Bonk oueuplo. a msjo ___* . (ts 

ovorsll production of this region. .-..litj of 
water depth nnd tidal nixing, eh. j a 

production falloua Bolar rodUtlon .. 4lat joe* 


production falloua Bolar .Itaratlos* 

contr.it to olhor rag Iona which -oofU 0 ** 

la .trail Mention. S.tallita color 1 " ind»*l 

on a ni.aonal basis, that George! » ^gili 

productlvs throughout tho year. ««*“* gI nort 
whan solar radiation 1* highsat, the _ ^ 

concentration, covar tha Bank. During J [f ,tt6 

the solar input 1. low, tha plgM nt rftb 

In nor. ahoalcr areas. This !• -lx lag 


ln mors ahoalcr area*. Thl. « , -jxlog 

the Id* a chat aolar rad is tics “4 vor c,^ ^ 


an primarily th. raapoo.lbilltF 
aosaonility on thi« far tile area. 


un tors Homes and hjgmsragtlc Sacular Variation 


Hay.umd Hide (Meteorological ilfflc, Bracknell, England) 


lha Tint axpcrlecm Is planned Tar the deeon- 
airnilon nights of ths Tel ho re J Satellite System 
raclllly sad mill mniut. linear snJ rptallanal 
■c Celt rat Ions using ihrtl setolo roast in (rosalutian 
lU'4g/(TU) Sjtil thioe gyros (liability 3 mlllidigreii/ 
hour). A iscond oiftrlaanl will wuurB gradloanrlc 
nolaii u third flight Bill collect sclsntlflc dsts. 
The Insliuunts will bf cryogenic (ruorlsl gradlo- 
meters with resolution up to UT’ EUi' 1 ,. 


Hrcmi wort on amtcoro logical excitation or short 
taro tnsngig in length-af-day and polar ration over 
J.o Lnanglerlan periods Implies tnac It is not necessary 
to In, uka cora-iiMUle coupling on sued short tlmscalei. 
Latest doison* trail on s that tha author's method for find- 
ing radius of electrical ly-conductlng planetary core 
gives carin'* cora radius Id xlthln 2 percent of sels- 
muluglcal value; this stranghthens the case Tor apply- 
ing mis iralhod to other planets with magnetic fields 
such as Jupllar and Saturn, 


I,,H. AbrjqM and G.F. Plodor (both at the Department 
« Civil Engineering, Primes too Unlvecelcy, 
Brlrtcataa, HJ 0BS44) 


,0 * 

Stephen E. BORDERS (S10/Sete1JI« 

Facility, University oT GalltaraU. u ^ 

La Jolla, California 92093 ) 

RUTH E. WITTENBERG (Visibility 
of California. Sen Diego. La Jolla, O'"’ 

92 D 93 ) 

Sequential CZC 5 Images “ bts 1 " e ? n by igl?MW f 
orbits 3157 end 3171 during Jun l* 7 SLtore hIU 1 “ 
been processed Tor sea surface nwve. 0 cflr m- 
liitoractlve algorithm at th# SlO/Sata ^t |nfrtrt d 
araphy Facility. Separat# #*«««* (cha"w}.lL 
(channol 6 . 11.5 micrometers W 1 fmgafv Jiffg, 

channel 3 , 0.443 end 0.550 and 

the ration of a warm water <*n*«g , g th* 
to Georges Bank and cold water pgaf 

eastward flank, notion of tha ’"J™*! 0 " en gad jM 
Channel was to the north-northeest 
cm/s« (infrared as t (mate) and 1 ®-® 0 f Wl» 
estimate). Surface Inflow into he uu ^ 
was 10 cm/ see aqd-MtlOT thtn Epe 0 ^ ^gtert 
feature was estimated at 20.0 ^ 

and temples flow pattern) that J"®}?® vocto«- ™ 

Is revealed by a composite of BO flow ( ^ 

overall Indicated ration is cOI ?'V | , ? n (r«ge» fof - 
Infrarad and visible paUems f°ond ,n 
orbit 3226 taken during June M. 


In muy chibs bf scoldamtel chsajcal cemcamination 
Of the ipbaucFeao, aa organic pollutant ape nr 0 tha 
apU aa * distinct eoq-eqqqoua pkaea end Big ra Cos 1 
wd*c. the lqUmanca el gravity dnmscds through tha 
uossturactd eons.. t . Much of thla sips rata pbaaa 
orgsstc tamalna trapptd ln tha umaatucated sou 
«U to eepll^acy fo rets but .end aay teach the vtclm- 
\ity M tbe Vmtac table white soluble component* will 


S32M2T. 

THE GUINEAN EARTHQUAKE OF OECEWE* 22. W® 3 * 

S. 6AUL0N1 Inst not * Physique du Gl^e. * r,4M 
Jbsslau, 75230 Paris C«i« 05. 


Jut SI6U, 75230 Paris Leoex w, 
t. DOfiBATK, L. OORMTH(TP6 #<d QR5TW1 
t. GEORGE (IPG). 1 . . . .;• 


• 1 ' y . ■***•'* . - •* , * v 

- .3 ; : • ' A.: .vSt • A- .5 . 1 V ' 


H. RANDAN I , B. TAPILI ( CBCPP.ST, Rabit, Haroe) 

B. RDBINEA'J ( Facultd des ScIsnces.Oaldr, Senegal 

SalsnlCHy is vary poor In western Africa, except 
in the region of Accra In Ghana. Therefore the 
earthquake that oc cured m Guinea on december 
IIS) may be useful to investigate the tectonic 
environment and tha stale of dresses of this area. 
Song days after the event a network of 12 portable 
Hfq stations was displayed in the epicentre I 
region and a field Investigation undertaken in 
ordar to look for surface cracks and for other 
t acton le features- Seismic activity was rather 
high during this evpsrlmont and more than two 
thousands aftershocks have been recorded. The 
preliminary results will be presented, ft focal 
mechanism has been obtained by using first motions 
of P-wava recorded by HUSjN stations and the nave- 
form node Ming of long period salsmogreij. 

Both mechanisms agree with the rupture of a shallow 
normal fault striking N100 and dipping 65* to ihe 
south, as H was also seen In lh« field. The direc- 
tion of tha fault, roughly parallel to th# coast 
Una, suggests that ll may be due to ihe reactiva- 
tion of an old fault related to the opening of the 
itlantlc ocean. Howaver this direction Is also 
radial U the nearby fouta Oja ion upllrt, ISO km if 
far. This focal mechanism Is not compatible with 
fn-sltu stress measurenents (Kast,l9G9) nor other 
focal solutions (Sykes and Sbar, 1974) that 
Indicated HH-SE compression. 


wr - m vision 

Evldanca far KnanacoaphOra-IniioanhaYa CoumlU 
Alfwan Wavia 

DANIEL B. gag 


CBRISIOra K. GGEKTZ 
LOUIS A. FRANK 

JOSH D. CRAVEN (all act Dapatcaanc of Phyalea and 

Asccoaomy, Univ. of Inn, Iowa Clcy, IA 32262) 
HASAHI9A BUGUJRA (Goddard Bpsca Flight CenEar, 

Draaobalt, HD 20771) 

Electric (1a Ida ceaaorsd with tha PLaama Have lastni- 
neot on tho Djnaalci Explorar-I satalllca support thao- 
ratlcsl nodala uf nagnsLoaphara-lanoaphsca coopting dun 
to Ufvn wavaa. Elite rlc ffalds with large rugnltuda 
vsrlacloni (120 aV/m to *00 nV/x) ara aucountarad In 
psaaaa of the apacacrafc through tha auroral conn ac 
rsdlal distances of 1.7 CO A.b Pg. Tha atiwctarB of 
these electric fields la characterise Ic of 'sleetrb- 
StstU shocks, " but eorralaclon with PE-1 BxgnatoMCar 
dies udlcacss that they say ba dua co AKven wavaa 
propagating froa tha distant Bagnwtoaphara down ca rha 
loesaphara. Tha eorralaclon baeweon rha alectrlc Held 
sndaigaatLe (laid is coapllcatsd by Lha presence of 
(laid aligned currants In lha regions whara tho 

'events' ire eoeouacarad, bur tha carlo of alactrlc to 
aspatie (laid parturballona la usually vary close ro 
ths AlfviD spied. Oca very atgnlf leant evsne occur cod 
■Alls re- 1 was orbiting ac a nearly eonacant Invariant 
1st lead* in cha auroral lone. A larga-ooplltuds wavs 
evict waa ancouoterad, followad by rapid, amall- 
oignJtuds sLactcle sod nognatlc field variations typi- 
cal of auroral Sons crossings, whereas in cha tine 
prscsdlog tha avant chare wax little activity. 
Ritters* of ths aurora taken at thla time by tho Auro- 
ral [Diglng Instrument on DE-l show that this avant Is 
aisoeloisd with a westward-traveling auroral surge. 


js aSsssi 3al« “ma aggg tog m the w „.. .u... 

A.B. GALVIN. P.H. IPAVICn. 0. GLORcgLER tall ... , 

JTSLT « - 

16* J^vrai i AralHM ratio, and energy .pactr. for 

"hlrra 0*i 3? in'Z l0at (t,rlo,rll » Ci » Ionic 

ensrga J 1 JJ In the anargy raago «» .itn v-u,- 

» ih8 . u rr s irLEc * « i»“i !! 

“. ‘ .10 to 2bT ttL° T » l «“ 

the O , , Ch,r *' ■«« dlatrlbutlans of 

cna q 2 3l»n« ara eonalstant with axpsetad aolsr wiod 
nluoa snd era Indicative of s solar wind origin for 

raralra rI tta pI “™ ,h,,t t “ ,lel « iwpvlatiSn. w. 

8p * CLr ‘ l “ tBn “ ol mnargy por 
uhsrga and toisl energy. w, t „ svslusted at constant 
total energy, the lotanaltv ol tho CN0 Ions can exceed 
that of the If* and He i at energies abovo MJ.i HeV. Wa 
, Lh * cooaaqiimnca. or this bah.vlor lor tho 
t dopoililon ol Lha sartfa'a trapped parlLcle 

pop>jlat Lons. under cha assumpELOB thil Inward 
«n«ct 0o of tnu piano* sh.st U th. d,Z„t \"Z, 
of tha trappad pirtlclas. 

mm. 

Ef fect pr eclusions an rha Hlrror foataMU ty 

with Appll cstlon to Venus Plus Sans. ~ 


B. L. CRAG IN (Canter for Spars Sciences, Onfe. of 

Tasas ar Dallas, Richardson, TX 7)080) 

A walk ly -signet 1 rod, col | IslorUee plasma with 
sow Initial Ion praaaure anisotropy la subject te 
■ edrror Initebt 11 ty," which produce alternating 
concent rati one and rarafacrlona of ngnetlc field, 
with large parallel wavelength dang any given 
sheet or bundle of field linos. Glrtaln features 
ol rhle instability make It attractive as a flux 
rope formation cachanlan In the Ionosphere of 
Vanue. Hie required Initial anisotropy might 
result from Ion betatron acceleration dna to rapid 
tw-dlnonslensl plasms compression, for ssseple, 
or from the penetration or sms solar wind Ions 
Into th. (anoaphtre sn predicted by current Inter- 
action models. Since Ion-Ion cnlllstone tend to 
destroy the prisiuri anisotropy naoded to drive 
the instability, rhelr affect needs co be taken 
Into account. lha Instability threshold condition 
■nd linear growth rata are obtained from Rlnatlc 
theory, Including the offset of collisions in the 
re llxat I on-line ippravlut Ion. It | a found that 
for ths Instability threshold to bo low. thp 
parallel wavelength nisi ba lesi then rha Ion nuan 
froo path. This rast rice Inn pairs a proMon at 
tbs lower altitudes, hut Is probably consilient 
with observations In tho upper Venue I onoepbrre. 
khen rha threshold la avcraJsd, quail linear 
relaxation dur ro nnamblo growth of these nodes 
aaelate the collleional rrleuitlon, providing n 
nor. efficient lint ropiest tan erchinlsn chan lon- 
lon colllslone alone, rmce produced In this wav 
rhe sagnetlc etrweeuraa ahould persist far e tlor 
datrrmlnad hr thr local magnetic diffusion rare. 
Whether or not thle fnarehllliv actually occurs at 
Vania, rhe oxd stones of such n 'aagnotlr breakup’ 
phsnomvnon In high hots ploxvas is of obvI-.Mis 
Iheorerlra] interest In that conceal. 


Enargetlc O* Ion, In the Earth's Ka.nwtu.nhn,. ..'rnw-n, ELECTiOHACNETIC SIRVCtURE OF AlWRAl. CURREUIS 
F.N. IPAVTi'il a s Ciimu r n«r,.„ , „ . *■ I" LyaaV (8ct«i.l or Phvalca and Asironcar. 

"MS? tsxr - 4 ot s,n — 

1. 3CH0LER, D. HOVBSTADT. B. KLE'lKEP lH.x-HUn.k- 5 

InsLltut, 0UA6 .latching, FB.J) - 


Wi prssont nresuraaents of enorgatlc ( •liW kvVI J* 
Ions In thx earth's magnotncsll , The observed -.ns warn 
■Side Vlth Che DND/HHK ULELA Mny.r ..n I.Vk-1 nt 
(iccentrlc dlstxncns Iro. *J to 2D earth radii. We 
ducrlbe die bohtvlor of O unJ tt* Iona during aewr^l 
encounter*, content rat 1 ng on ihg Iu5) Ul 
and |*h uf eebatvrra on Hatch I9M ■ then. ...batorm. 
wars Intanisly studied by chu rDAu-6 pur tic 1 pants). In 
A’aal "Stable , liotupic plains shsoL -a find the 
* “ 0 to ll differential Intensities leviluscnd 
« the mg total energy u | -lJn icVk vxrl.* It .m a le. 
pstciet to eora than 100* end la or misled with tho 
ar i. act IvLtV. Wa find IhxL 0* ivna 

"[ observed -I) min buf.jra tho -jniei of the 
aubitorri, Wa also describe an o’ beam aasn 
ur eg a brief (-2 mini excursion into the rail lobe, 
uggsetlag rhat at laast occnalunxl ly very energetic f» 
loru* * ’Ct recced dlrcrly C roe the uururnl eone 
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R> L. LyaaV (Scl-ul of Phveica and Adironc-ur, 
Unlvoraltv of Nlnnuscta, Xlnncepul le, 

HN 55415) 

Tho two— 1 loons [onal hi end y sure et ru, lure 
cf nnrnrnl current loops le studied uh I nc 
HiikwcII’h cqiuiilnna jctvnpnnlwd hv oliucllvc- 
Ohm 1 , 1 ns, for xenuretor Cur rente, flcld- 
nl lined rwrrrnth nnd Ionospheric iPedumon) 
currentH. In tbe- generator regl -n. c»n*ldvrc-l 
to be where the plu»nn h-n^/rij. on offiKtlv. 

psrr.ndlculer evoduc ll vll/ Is .idvinrt-l, wlilch 
euy be due tv pvlarliot Ion currants or tur- 
bulence. The effect of Lh U paramarur la ro 
allow a continuum of gmntraiet atatns botweon 

lure vurrcoi ( -'ii so-! pure •-■"lime ■ - i • -> 

xcnsrntvra. Dio field ollxx..d conductivity 
mv ho consldurod to dries (rvi single particle 
notions in tha dipole field or fron annaaloua 
roaLetlvIly and/or double Invera. Two wJeli 
oT tho loEi-upherlk copduttlvllv iru LOnaldarad. 
ana In uhlcli an maused pronto la conalderoJ 
ID Isolate the effact of conduction, grod lanes 
and tha other In which tha conductivity le 
found self— [onslatonrly from the lonoepharlc 
conllnulLv oquntlun Including a source dua ro 
pteciplrarlng olactrona. Theee elactroxugniclc 
■latlc model* nay be compared with the result, 
pf a t I me -dependent , HHD oodsl of auroral 
currents. 


S»2-15 PETEl 

A Theory for th. 2f- Radiation Hear thu Earth's Bow 


I, H, CAIRNfl (Dept, of ny.tci and Aatroaooy, Univ. of 
Iowa. Iowa City, IA 522*2, and School of Physics , 
University of Sydney, NSW 2006, Australis) 

D. fl. MELROSE (School or Physics. University of Sydney, 
Australia) 

(Sponaori D. A, Qumett) 

A th.nry far the radiation at tha second hsinanlc of 
tho plasms fraquoocy f„ observed near tha Earth's bow 
■hack la advanced In which the doalnant plain, ami salon 
Hchani.m la tha proraas DUI > t, proceeding In 
two l-wava .taps, L A 9 • L' and 1*1' • t, where L, 

B, and t donate Langsulr, Ian sound, and alactroaag- 
oetlc waves . raapactlealy. This ch.ory racalva. strong 
obs.rvatlonsl support From tho correct prediction of 
the existence and fraquonefes of a class of low fra- 
quancy ion Baimd-ilks wavaa aasoclatad with Langaulr 
wavts In tha Bsrth’a foraahock. Three paadlctloni of 
ths theory which nay ba sultablo for observational 
t sat Lag era glvtn. 


Suxlria survey rf tho Indian Ocean iripla Junctlan 

R. SCHL1CH. N. NBNSCHf. J.V. ROYER, H. SCI1AHIBG, 

J.K. HABTIIELOT 1,1 1 al Inatllut da Physique du Globe, 
Unlvarilti L. Fasraur, 670B4 Strasbourg Cs, France ) 

H. UHITECHURCH I Institut de Glologls. 

I rue Bleaaig, 67D80 Strasbourg, Franca ) 

The Indian Ocean triple Junction If J) Oreo bai been 
anrvoyed during Fob. WI using the aoafcMm apatea of 
lha R/F "Jean Charcot “. Conplcta coverage of an ares 
80 km by M ta allow* detailed Dipping lat 17100 DM) 
or the balhynatry of ths Junction between rhe South- 
west (SU(), Sou thus t (SRI 1 1 and Central ICI) Indian 
rldgea rhat havo fnll spreading rate, of ro.poeitvs y 

I. 0, 6.0. and 3.6 co/yr near tha TJ . The structural 

leatursa of cha TJ are c lastly eiprassed In ths 
morphology or the eras. The Junction between the SUL . 
ond SEr ridgaa ll llrlklngly abrupt, with 90 c&angss 
In lha direction of isobslha in a diatoncs of a few 
ICO m. Ths norphology of cha 6EI «*l»l d,,,, 001 

c bongs drastltally as tha rldga approach*, the TJ . 

In content, the 5«I rldga boglna by a dsap and 
narrow canyon Lhat extend. For 15 ka way (ro- the 
TJ . Th* canyon then widens and Barge, Into Iht dsap 
SVr aslal vnllsj. Breccias with a ssrpantUUa natrlx 
and apllltas have been dredged nesr tho TJ within Lha- 
c*n»on, Tho SWI canyon Is separatod trm tho CI-SEJ 
axial xona bP ■ ihallow protrusion » t Lh* 
flank of tho Cl axial aone. The Junction between the 
Cl and SEI rldgea la axpreaa-l In * ,-OPth csrv Stur a 

ol th. ...torn flahk of their cojiIbuOus ..UI sono- 

However, at a dlAianta if 4? k-.ffra Bjw.TJ ■ . !*• 

Cl axial xona la offset 2d km toward Iht e*. t _ 

) ranaf on faultlhg. Further .Mips I ' * 

negnsrlci aod gr.vl imrlc date ylll 

uMotsrandlng of tha structure and evolution of Ih* 
Junction between three nld-oeeau ridge*. 


Seismicity, attenuation, end lubducf lpn of th e 

Q'tnrrecsiioaux irseturn sone. vaoustu mono arc 

J.H.HARTBEUn’.R.t.CARDHEI.!.. E-CCIIDen’ ,B.L. I&AC« 

yotol^ T c iTlc,. gora.il 0-ty. 


'(aeolDgl’caTSc. gora.H Unly. kltbxt*-^ ! 

(’now mv IK. Univ- L.FMlaur, iir*ib««8. [tiJiQ.) 

J.L.CHATELAIB (ORSPOB, Houaisa, Raw Cslndonl*) 


Th« apetisl dlatiibullcn «l the luu-imidiaic -depth 
kwlenicliy Hf i hr canirul Yiniiatu laUnJ arc 1* 
charac ii-rlied lhB ■(fIUrb j"5tap''*ltlon of a gap 

and m*( avilvity. This peLiyrn is tevcolmd by 
w-ll-lucaiud rarihgu-ilaa deierr.in.d from telesoUmt 
■la La during a 16 year period as well ms by nlcro- 
vstihquukca recorded using a lr. c j| sefxaograph 
ncLu.rk during a 2.5 year p*rlt-d. Ho conrorlien ol 
the if ».n. is apparent nctos* the gap. However 
a .one ul strong attenuation uf hipl.-rrugnency whsar 
WJV.I overlap, tha gap al 1 Merced ialm-drl-lh .vents. 
Tb* o.Lrai^larlon to duprli ol Ih* subducting 
D Enlrccs-teaua Irocture ion.' IDF2) appears to be 
xpalially trloitd in |hc prc.'vdinn pattern. 

Du- erupting biifaern tin- luuer and upper plain* 
appear, in b a very strong I! the ini crane t icn of tho 
on with Iho ore. account 1 ug for Quainmary uplift 
ol Ihe southern Ssnlo-nur tern Haloluln Islands and 
lor Ihe rase i i vat I on hy horleonral cctaprvaaloi, ol 
Ihe Hiawo-Ponfcopt burnt blocks. In tonlraat, il.e 
■ippor plate in thu louilurn Haleluld arcs tuiv bo 
Bubaldlng. on thu flank ol the nt'rthwjrd propagating 
WJ end ouy be iclatlvcly deruuplod frta the lower 
plate, tfhllc najor intarplaio aertbquakoa occur In 
the Sanlo-norihirn Helekula region, a largo compo- 
nent of ajwl.mlr iniorplato slippage may occur In 
Ihe southern Helclula area. In Addition, the 
absents ol n >rph>loglca| ovldir.ee lor a tn.iuh In 
Ihe aou thorn Halekula oral ray be due to the offset 
of tho downward bending of lha plato hy iho posit Ivo 
• lopo of rha southern flank of rha Df/.. 


^r*raq t *TulSy f " Ct * ~ 0Hv,Mt * llBCg Crystal 

i , L™ u !l l) * ni G ' MMMEUSER (Mineral oglsches 
intmul, Un 1 ver* 1 tat, 5000 XOIn 41 , 

Ssrwny, preiestly at: Oepirbwot of Phyile*, Arizona 
Slite Unf vanity, Temps, Az 3)287) 

"Hatsr’ In olivine is often assumed (by analogy to 
ftydrogaraots) to occur as (OH).*- clusters substituting 
for 51 vacancies, viz. SfOq^’unlts. Infrarorl analysis 
of s ngle crystal ollvfns (Zaraibad Island, Rod Sea) 
provides no ovldonco for such iqjltlplo OH- cl us tori, In- 
,,nd ,wr0 ‘ 1mat *'y «4ua1 concentrations of sin- 
gle OH- associated with octahedral (M2) and with totra- 
tlH-Vg,.*]* and [0H-V t tP ]» raspoetlvely. 
The O-ll vector* are uniquely oriented with rospect to 
the crystallographic axis and glvs rise to pleachroltlc 
■wltlplet 1R absorption bands, their splitting being due 
to the statistical Might of (Hg,F«) on the HI and M2 
positions to which the ail- are bonded. No fnframd sig- 
nals are observed which can be attributed to OH- pairs, 
but a distinct signal Is detected for nolacular Hj. This 
tuggesti that, as In OH --containing HgO end CaQ (Jour. 
Phys. Chn . Solids 43, 129-145, |9|z). OH- pairs change 
Into mol ocular Hj plus perosy, Qf-. On the basis of 


}. n l nr * i 'ft*** Arrive at the following conclusion: 
(11 HjO component in natural olivine substitutes ahnut 
equally for the (Hg.FelO and S10j conoonenti, (7) the 
formation Of 'true 51-v.ran.-lox whirl, . . - 


formation of ’true’ 51 -vacancies which would carry an 
effective charge of -4 Is minimized, probably by Si en- 
tering near-by non- 1 deal lattice positions thus reducing 
the erfoctlve charge to -1, 13) OH pairs associated with 
octahedral vacancies are unitable with respect to the 
conversion Into" '* 


The latter probably link adja- 


cent 310a tetrihedra’ fornlng 51-D-O-SI brMgas as re- 
ported for fused 510^. 

Q O ' f -D 
'f h ,r M1 

'% ti 


LueV, Mantle Hilling Eipfi I -*ni. P,-,.| Imlr.ji y RvSull', 

D.L. HEINZ (Papai vcni ol Ceol-igy and Gaoph/',ic5, 

University of California. Berkeley, Ca. 94120 J 
R. JEA NLOZ [DaPI'lment <>f Con lonv And fonphyllcs, 

V. VI, -■ 1. •• 

The melcmq cu'vu of Kg3l0) pemvcklte ha* been de- 
leinlne.f oiper Irenutly ur.Jur l«,er njnlle pie-.sure- 
terrpe'dture condlllcns. Ihe peroviklte was laser 
heated in a gatketied dlanond cell without a pressure 
radium. The melting transition was detected by ob- 
tervfng cnrrslALIoni between the fluct uit Inns of the 
laser Inten; I Ly and the thermal radiation fron the 
sanple. Th= torpera turos were nea sirred spectroi ad<o- 
metrkAMy. Tha results Indicate that psrovtklte 
r.el|S at 3)007. Ir, l he ip[:-r part of ,h? lower mantlo, 
and the Clapeyron slope appears to be ihallow. The 
reltlng point or perovsklle provides a bound on Ihe 
genthyrm in the lower mantlo. 


'm-% RP'i^icd 

Sous Hlnsril Equilibrium In tho System 
CgO-ftpO-SIQj-H jQ-HCl 

CYGAH, G.L. . U.j. Seal. Sureey. Rest on, »a. 2P09Z) 
Honlcy, “J. J. (J.S, Goal. Surety, Reston, Vi. 22092) 
Luce. R.V. (Billiton Eeplor., Reuan, Fa. 22091) 
d'Angeto. u.H, (u.S. Deni, Sure., Raston. Vt. 22092} 
(Sponsor, H.T, Hjseltonj 

Equilibria for ths foil on) ng read Ions were 
investigated at ftb at SfliV, 600* and 70Q*C, 
using bath bufforid and unbufferad tschnlquss. Total 
chloride varlod between 0.1 and 3 m. 


laic • SHC1 • 4 quartz * 3HgCI? ♦ 4Hy0 
treaollte • HqClv * 2HC1 - 2 talc • ZCaCIv 
4 dfopilde * KgCl» * 2HC1 ■ Lrenolits • 2caClj 
wollastonlte ► HgElg - dlopsldo « CaClg 
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Maurice Ewing Volume 5 

J.E. Hansen and T. Taka hashl, Editors 
336 pages • hardbound • Illustrations 

Throughout ihe fourth biennial 
Maurice Ewing symposium, primary 
attention was given to fostering an 
understanding of basic climate 
mechanisms. The unifying emphasis 
of Ihe symposium — and this ensuing 
proceedings volume — was a focus 
on climate feedback processes within 
a broad range of Ume scales. The 
30 scientific papers are organized Into 
the conventional divisions of atmo- 
sphere, ocean, and cryosphere; each 
section bound together by the 
feedback process. 

30% discount to AGU members 

Call: 800 -424-24 BB 

1202) 482-6903 (local DC area or 
outside contiguous USA) 

Write; American Geophysical Union 

2000 Florida Ave.. M.W., 
Washington. DC 20009 

Orders under $50 must be prepaid 
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quartz t CaClj • HjQ 


*1 ADO*, for Instance, the log squlllbrlun quotient* 
of [As above reactions At I n total chloride arc 
rsipuctltely, 1.76. 3.94, 5.27, 1,02 and A.OOi.l. 

Ihete values ara co-«ar*d to available data, fa the 
basis of the HCI dissociation constant of Franc! (1956, 
Zett. fur Mijti. Chen. *. 8. p. 92) and the lonfo 
equilibrium corn tint* of Halqesan et al. (1981, A*. 
Jour. Stl. v. 2A1. a. 1245) for tha aTove reactions, 
the Toq dissociation constant i or HgCIo and CaCtp are 
respectively -5.4B and -6.30 1" chase moderately 
concent re tad solutions. Talc-quart; decreases about 
2 orders and >a) I sstonlt e-quartz about 3 orders of 
magnitude In log Q frai 5(10’ la 7h0‘C. fccepl for 
the mllastonlto-iliopside reaction, total chloride 
has a relatively Minor affect o« tha position of 
phase boundariei at constant tevperecure. 

The chase relations developed In this study have 
appl icatl nn co talc-trsnolile-dfopslde-bsarlng 
sisemhlagei In son* nstaoqrphlc racks, hot wore 
specifically to calc-il 1 icate atsunbtoges Of rany 
notasonatlc aureolei. 
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Particles and Fields — 
Ionosphere 

W3& IsiMsctkn briswi sad paillcln PEmVRIlATIONS OV 

^ffllONUSPIIEIUC LF AND IF SMNaLS TO ftinslLER- 
INDUCED ELfiCTnON PRECIPITATION HJRm 
p. L Caipeslae. U. S. Isa*. M- L THb{ 4, R A. IHkwll. J. P. 
blMhakh (Spare, TrfKonsnakaUisl aid lUdlsarleKf LsbtwsiMjr, 
Slaafocd UahtiiUy. Atarsid. Ciklaisla 9I») 
nil) nidean d wtmW-bdarrd fcaru pieripligllak iff, lx ca sibksa. 
pbreirally pinpagMlii iljish Is Ike LF asd AF langce Bate trei absqied 
si iUsir (L— la|*aA(lpbSUIIop<(b~a3^ Aslsmirx ni arasiirscs 
cale'ns s ST 3 kill LF aigssl m lilsalb| la CatHoraO via xtraX; ranpuakW 
Id Oil H III snit dbtukrd *LF paiBa. Ac Pilw, map*! at SIS Uh 
wen afei o> Wi of iki ilgkla darhjc s Atafck-Apeil, 1993 ahcnlag pciM. 


IViiqi hill' ll re a - 1900 Ire-bag 7M Uh AF pslb is Filter orvaared ds 
■ i|Us ca klgb xitlnly Ol 51 .F pilli. hsl UF enots were uiixlty a circled 
aa coatpuid co >50 as ike ulaii VLF picks. The AF fHlaihallaai nn 
ot wder Jtn Is anpBlid* sad sen HI It grids! f.lkmeJ ty . -- JO ■ 
a-xj (mid a pHinl kvel, as it kasallf Che oh foe Che VLF sltaab. 
Thl panicle imdrihi cl Ike wkblbt-patilrlr leieiVlka aafpceli cki lira 
■hal ihe AF* slgnik sn afletled by A^liauus ntraiuig afcsir Ike aianiatl 
— S5 kn iilerlk.a k'lgki foe VLF Vpih. aid aha sis mahie.1 wick Ih* 
ckwnri Ume delay ba here. ib(7H)kMiaignaI ptcLiibaliui aod lit ■kiuler 
gnnaiiag L|t1nl*|»Ub|e Fax) plat* adiaarnroeirTaUdnilk lb* skulbn 
awe aegolariy cihwnrd ui a I2B kill Onega tigsal. Tkt data piuiklr s 
ntaii U ( nlaiilig iki cbicacc of xia&lpk- pieeipluiba rtgkDt. ■■! ulrr . 

rvUtacc lhal xhh|kra eilflsallsg ta Ik* suckars ktfnhyheta taa chic 
■I gaMcaal peerlpUglke is Ike Multcin kmkphrir. al kiO tall* BArikUrcf 
iki kreik Alias Ur migsHic pinsuly (THnpl nesb. nUaoqbile slgaal . 
|#ili'hilitai) 

J. Grephys. Roi. , ft. Paper 450354 
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TBE HEABIUIA NDTU?kS INIID8 IQUATChlAL FUSMA BUBBLES 

V. R. (Union (Ciscsr for Bps, Set., Physics Paogrip, 

Vntv. of Tex* a -Da lies, tichardsun. IX 75US3) end D, h, 

Baagboys 

A prtllBlnscy scudy of lh. varclcaJ end nonh-south 
horlxoncnl loom long in p Isaac hibbJaa In the near 
aquaterlal ionHphsre ui lining .dim nacox data from • 
Awifkara Explorer 6 Is plaaunlad. High rasolutlon 
dies shew that ths rerclcal leal velocity m area 
hikblas iBcresiae approalaxLsIy linearly with 
vkara H 0 ja ths baefotewoa inn cencsnllatlos nnd U is 
ths buhhls' ioh cotCBiicratlon. As siaf f Jclsscly large 
8*78 tha vartleal ion valsclty askyratea, tut oliau at 
a value sbbicantlslly larger thu lha rule el ths 
■gravitational scuUrpkieu to aha Ion neutral collision 
. f raqvancf <g/vt 0 ), which Is lha nrnlnsl collision dnl- 
'nsisd vslocfiy llair for cylindrical bubbles. Ttisso 
laifir than n o*l 0*1 vs led ties nay , Tasulc fire back- 
grousd esatwacd alsccrlc ilalds and/or fire a verclcsl- 
lf elongated bubbJa cress ssctlon. The unanticipated ' 
lehasr vailoa Lhsc large poleward herlsnn^al drifts 
scene puy chess vertical drills aaana te fellow 
naturally Iron a rsdlitrlhitlen nf plfcsaa along Flux 
lahai as ths plain convicts tree ths bet cone Id* of aha 
F region to high sltlcudaa. 
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